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CAPTIONS 

Surface Chart. IS July 1935, 1300 GMT. 

Pig. 2 — Surf&oe Chart, U August 1931, 1300 GMT.    Bloekiag of the 
Mid-Atlantic trough is primarily due to the large amplitude 
and north-south orientation of the isobarie pattern over the 
eastern Atlantic» 

*lg= 3 — Surface Chart, 7 August 1931, 1300 GMT.    The depression, 
previously located in the Central Atlantic, has gradually "; 
drifted northwestward and weakened on 5 and 6 August. 
Presently it has "become extinct &t the approach of a new 
frontal system from the united States, as the two Atlantic 
highs merged. 

Pig* h. ~~ Surface Chart, S September, 1924, 1300 GMT* 

Pig. 5 — Surface Chart, 9 September 192U, 1300 GMT.    Hote how east- 
ward advance of Azores high severii the connection between . 
the tropical and extratropical portions of the East Atlantic 
trough»   As a xesult, the easterlies deepen in the tropics, 
and the tropical part of the trough starts moving westwards                  '*- 

Pig. 6 — Wind distribution about a wave in the easterlies. : 

Pig. 7 — Area used for determination of zonal index of the east- "; 
erlieg for forecasting maintenance« 

Jig. S — Illustrating portion along wave in the easterlies where 
low center is most likely to form. 

Pig, 9 — Surface Chart, 11 August 1936, 1300 GMT. 

Pig. 10 — Surface Chart, 5 August 1936, 1300 GMT. 

Fig.il «- Area used for determination of zonal index of the easterlies 
for forecasting termination« 
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i 1«    sco^e %ad ffgrgese of Benort. | 
I 

Until quite rf cea.4ly, weather analysis in the tropics reiaaiaed | 

eisest »iwlly neglected«   Sacept on th» ecktest of hurricanee*, only 1 

a few report« concerning tropical synoptic systenet hare sppssred, 1 

|        ,. and nearly all of these are of "very recent date«   She following is a 

|   '„; list of published papers dealing directly with the subject of wares 

iJtm cribed as the first writer en ellobaric eysteas short of hurricanes 

.£?.•• moving fron east to west in the western Atlantic« «ts interested 

\ 

In the easterlies* I 
f Bonnet, Carlos - sB6ies on Wares in tha lasterlics", 9th I 

Weather Region forecasters Inforaation Pile- 51 May 19U4. [ 
Dunn» Gordon 2, - "Cyelogenesis In the tropical Atlantic", 

Bulletin of the American Meteorological Society. Vol« Xß, 
June 19»«>« 

SögölÄ, E» - !Druek(5i;uwÄDknrvgän und xor&adoe an der «we*kä«te 
TOS Afrika*9 Annalen der Hydrographie. Tel. 64, 1936« 

Äiehlf H« • Wares in. the Basterlies and the Polar gront in 
tfte ffroplca. Miscellaneous Beport So« 17, Departaent of 
Meteorology, Uni?, of Chicago, January 19^5« 

In addition, it should 1» aentioned that a description of the 

1 '' |   ; waves is contained in a recent training manual on Tropical fleteoro* 

|   \ Jp logy of the 'J. S«4dM«f and the new Handbook of Meteorology« WBKM*A>t*A 

AHtfS    Savers! reports of 2ev« Chas* 8, Deppemenn, Assistent 

Director- Philippine Weather Bureau, also hare a hearing on the 

subject as do certain parts of the literature on tropical storms« 

} £Z&: She papers cited above have of course not been able to treat 

all phases of the subject exhaustively*   Dunn, who nay be des» 

-.*--s3ftTO *-   ' A «taTv^- 
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primarily in hurrieane forecasting «ad dealt with the wave« bscssse 

many hurricanes of the western Atlantic are derived from these eye- 

seme, Sdehl1« studies at the Institute of xropicai «ete©rology. 

University of Chicago, are the first attempt to describe the structures 

of the naves* In the initial portions of his work he *as concerned 

to a considerable degree with the problems presented by the analysis 

of the wssres« Shis Ontphaeig was reasonable in view of the fact that 

the entire subject was so uncertain until recently that maay meteoro- 

logists regained long unconvinced that the wares actually exist» 

A logical continuation of the preceding studies calls for two 

distinct phases of investigations 

A)   JMn   »Haw>*  imat   hm  liue   to   oSc©rt&i2.  to   wh&t  extent   the 

cvuxeat theories of structure, displacement» and «eather distribution 

are verified in practice,,    Theory, for example, calls for a definite 

pattens, of weather distribution about a steady state wave« Fore* 

caste?« however have observed that at times there are certain de» 

partures* A. statistical study of a large number of waves should 

bring out the characteristics of different type- of waves and furnish 

a picture both of average conditions and of deviations from such a» 

average« 

b) The problem of origin, aftinteaaaca, intensification, and 

dissipation must be further insect: > «•!* Th«tir solution would be 

of great forecasting significance g and also afford a more complete 

understanding of the nature of the waves« 

^ ,^rts£?-54s»^- ^^M^^. 



The report deals with the problems aainly In a ayaoptic and 

statistical Banner. Shis does not ateea there are no theoretical 

ideas predated, hut caly that they are presented in synoptic terms 

and by reference to synoptic pattern«. Ser does it aean that there 

is no proof or verification of these ideas except by illustrative 

©samples, but only that proof is statist!eel rather than dynamic or 

physical» Although the report is based mainly on data of the «astern 

Atlantic» »ost of the ideas presented should also apply to all other 

areas, «h@re «saves is the easterlies are found* 

'S*- 

ft 

2.   Material and Examples tJaed, 

xbe data for this «itudy «ere obtained fron the surface and upper 

air data for June to October. X9Uh as collected «ad disseminated 'bj 

the AA? Weather Service in the Caribbean and fro« the historical wea- 

ther saps published by the United States Weather Bureau, 

She sixteen strongest vavee that could be found in the period 

Juae-Cctober, IS&i «ere selected for study in detail*     These waves 

«ere sufficiently intense, so that thai? positions could be located 

on each aap with reasonable certainty and accuracy.   Other neater 

a$heir dates are as follows*- 28 Jun-1 Jul, 3-10 Jul, 8-13 Jul, 
9»l6 Jul, 15-17 Jul, 2U-29 J«lf 26 Jul«3 ±«g» 31 Jal-2 Aug. lj-gg Aug. 
15-Sii Aäg, i-iu Sep, i>2i iep, 17-27 Sap, 5-9 Oct, 13-15 Oct. 1&-2Ö 
Oct. 
yer certain additional purposes» mainly in the study of dissipation 
six additional waves «ere selected, namely 2&-26 Jun, 1-k Aug,H-»8 Augft 
10-15 Aug. 26-29 Aug. 2>26 Oct, 
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vuyee wars ignored, not only because probably they wer« not ipsporiönt 

weather pr©ducerse but also because of the difficulty ef fladißf th§x, 

verifying their position«, and tracing their aoveadnt with good cos- 

tinoity» 

On tie northern heat sphere surfsäe wharfes, the aonths of Jaly- 

Septeaber, 192^193^* w*^6 exaained,   Certain obstacles «ere la- 

Aeuiately appsTdst«    35xe asps a?e on a ~esry ssall sealsf ths rsports 

atpotted are act oosrolete synoptic ee&els; there is only one nap 

(13002) for each day» which, hinders the continuity«   finally» no 

upper air data, at all wero available at the tiae of the study. 

On account of these obstacles» only the strongest wares could be 

ased» aany of «hieb, developed a closed eireuXatio» at soa& stage,, 

five of these pronounced vsvea were selected» an average of 
2 Cud a south. 

It is felt that the difficulties aentioned above are »ore 

than cospensated for by the presence of the great number of Atlantic 

ship reports» «hose surface winds should be auch »ore representative 

than those of land stations» as vail as daily reports fron Europe, 

Africa, Iceland» Greenland, Bermuda, the Cape 7erde Islands, Hadstra, 

the Asores» and the Cjujary Islands*   She availability of these data 

Sheir dates in the Western Atlantic and Caribbean*- 12«iS Aug 
192Ut i7«»25 Aug 192U, 27 Amg-3 S«P 192^, 5-lH Sep ISzk, 11-17 Sep 
192h, 10-18 Sep 1925, 22-2S Jul 192b, >9 Aug 1926, 12-18 Aug 1926, 
17-25 Aug 1926, 20-Zk Aug 1927, 7-lA An& 1928, 11-17 Sen 1928, li 
25 Aug 1929» 7-16 Sep 1929, l6-2h Jul 1930, 3-12 Aug 1930, 22-27 

1* 

1^5 a- wJ^- v» -z±-f? y*^ * '-*•"-," ,~"''T^=aB^**-'5ä.{^v»«« f^w;«r * _-"w^',^ec=-_ «—<• _• 
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peraiia a mich sore accurate Atlantic surface analysis than could 

poaslbly he sade from current «sr-tia© maps ©van with the aid of 

upper air data, ?or the chapter« on origin, maintenance, int»nsi-> 

ficstion. and dissipation, the Atlantic material is considered ee- , 

ssatial« and in these chapters the conclusions srs "eased sainl^ on 

the historical B=S>S. 

I 

Si*..* 
srr: 

1 25' ; 

-, t Pv 

/ p 

* 
2 (cent») 

As« 1930, 31 An©-? Sep 1930, >12 J*L 1931. 9-18 Aag 1931, 
j ;i" 29 Aag-9 Sep 193i. 9-15 Sep 1931, 2k~& Aug 1932, 28 Aug-9 Sen 3,332, 

23 S©p«3 Oet 1932, 13^22 Jul 1933, 2fc Jnl-5 Aag 1933, 12-21 Aag 1933» 
3 v> 3.7-23 Aag 1933« 8-15 Sep 1933. 20-26 Aag 192*. 9-15 Sep 193*+, 16-22 
1 ** Sep 193^. 16-23 Aag 1935, 26 Aag-4 Sep 1935. 20-29 Sep 1935. 23-31 Jul 

1936, 10-18 Sep 193$, 16-22 Sep 1936, 23-31 Aag 1937, 21 Sep-3 Oet 1937. 
9»lk Aug 1938, 16-20 Sep 193g„   Haaerous other isavs« also vere found 
Khich were occasional^ used for verification purposes, though they 
were either too weak «r tbeir positions ssd isov^eat töö uwexiaia to 
be included in the list. 
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§;,' A knowledge of th« proses« of formation of «area in the east« 

«riles is neeeaaary for an understanding of their nature.   Also ess 

AtrAn&agg, «fesp in long rang© fore'aastiBg of these wave« aast "be tl*e 

ability to predict their ggs#?atica* 

Sour plausible sstao&s of formation are indicated Selcw al- 

though it 1« "ojr so means suggested that these esastifeute the only 

way« in which waves «ay develops 

*i) fo?«a-ii&M in the deep «"disturbed easterlies on the 

equatorial periphery of tJ:e< subtropical highe« 

b) fransforotation and retrov<5re«sl£n of a stagnating extra- 

tropical trough« 

%: e) Saiaainn from ao @stratroslcal trora*h as a separate 

p; entity. 

d) ?oraation on the equatorial f*ont„ 

w= 

&& m 

rap* 

fe" 

t 

1.   ggagtlon in undisturbed Zaaterlv Flow 

gone meteorologists hare suggested that a deep easterly cur- 

rent in itself oay cense the formation of waves,    It is observed 

that warsg do occur stoeri the trades are strongest and in the sea- 

son «hen they are generally prevalent over a wide latitudinal belt. 

In order to ascertain whether this means th&t the deep easterlies 

can actually develop waves without the necessity of additional 
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factor«, 1.580 historical Kaps were examined to find periods of at 

least three day» when a substantial high persisted over western 

lurop® Joining the sain ecssnie high (Hg. !)•    Xa such a situation 

no north Atlantic trou^i can extend into the tropic» near Africa 

or over the central Atlantic« 

fss i«?.e?l cases with strong, undisturbed easterly flow *©re 
t 

fetssad» mostly in July, ^hos the oceanic high is most intense* 

She Caribbean area was then examined five to ten days later for 

evidence of disturbance»; and in sot one of these ten instances 

«ere there any signs of a wave« 

She above esses, a& well a» the lack of a logical explanation 

of the hypothesis« point very strongly to the conclusion that &e#p 

easterlies in themselves are not sufficient to fora waves and in- 

dicate that outside influences are essential for their generation« 

2»   Development fron an Sxtratropical Trough» 

What then is necessary in addition to the existence of the 

easterlies themselves for the formation of waves?   One logical ex* 

pla&äiion would appear to be that these waves have as their source 

temperate latitude troughs that ea&eai far into the tropics«    This 

is not to say that they are separate phenomena which emerge fro» 

such troughs, but rather that they represent a later stage in the 

«»• evolution of «avss In the polar westerlies«   Uadsr certain conditions» 

«**• the latter stagnate and their tropical extensions eventually begin to 

i Tf: 1 
*** Isaasöles of such periods are 15-20 Aug 1925, 19-2& Jul 1928, 

25-28 Jul 1929. 30 Jun-U Jul 1931*. and 11-18 Jul 1935« 

/ 
i^^'~^-i-. 
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BOT® westward in the tropic«! current. 

Such a development is sott likely te ©ccur, if a wsre treug 

ixt the westerlies stagnates for a considerable period of ties be- 

cms© the t r an IMTö mat ion into & wave la ika 6&*;tes:'ii©8 coupled wit« 

retrogression i* certainly not instantaneous.   The «eqwenee öf sreats 

seemingly nseete&ry for «*cb an evolution is discussed below« 

a) Stagnation of trfinfihajj The projection of a temperate latitude 

treuga of tiae middle troposphere into the tropics commonly ie as- 

sociated with the ee«$ur3rence of an extratropic&l low farther north« 

Aa long as this trssgs persists with sufficient strength between two 

subtropical highs, a trough in the easterlies is found south of the 

surface axis of the highs«    Shis trough represents a i/eflection of the 

upper trough in t»he westerlies in the absence of any compensating ef- 

fect in the layer underneath« 

She »are troughs in the «esterlies move eastward across the 

see«», when ths high to their east dissipates or retreats ©astward. 

j«P They will slow down« however, or they «ay be cheeked altogether if a 

strong subtropical high blocks their advsnc© and does not give wayr 

-J^r In eddltion, the es*.-*«?- i*OTesa*at is halted occasionally by stag« 

nation of the extratroplcal low itself.    This occurs mainly, if a 

It&i TJnis theory g?«vieusly )*as been mentioned Isy 2>unn (5) and 
flg^ Siehl (6)»    Eiehl eagwresses doubt, however, that polar troughs 

<^jppL account for the formation of all wares» since auch troughs seldom 
extend deep into the tropics in SUBS®?, the pri&clp&l wave season. 

S 
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deep, oecluded aysies 1» involved; and the trough that extends south- 

ward then will tend to be very intense containing a predominantly 

north-south flow» 

b) Bisection of trough; In order to establish a situation fsvor» 

able for westward action of the trough in the lower latitudes, a 

separation from the parent low 1« necessary.    This separation re- 

sults through hi sect ion of the trough that extend« from the polar 

zone into the tropics and a«gr occur i» two ways: 

first, the esctratropical low, steered "by the subtropical high, 

may sors to the ndrth«9ast of the high«    in this event the westerly 

trough in higher latitudes» moving toward the east» becomes detached 

from its tropical extension» which is blocked by the high to it« 
3 

northeast and hence stagnates.     Simultaneously, the high west of 

the low will tend to merge with the subtropical high to the east 

("ig». 2,3)*    This »erger »ay be caused by the eastward advance of 

the western hi^i, by the sotithweetward movement of the subtropical 

highs or by both«   35videnc« indicates that the southwestward saove- 

ment of the subtropical high, often associated with intensification, 

takes place most frequently. 

This merger of the high« brings on strengthening of the trades. 

Likewise the movement of the parent low eastward from the «yea re- 

stores and deepens the upper-level easterlies.    These factors are 

the motivating forces which initiate westward movement of the re» 

'Mr 

tit 
3- ' 

' cf. also Meal ( g ) 
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fleeted trough« As the subtropical high continues shifting westward, 

it assures the maintenance of the pressure and flow pattern nooossssr 

for westward BOTeaeat of «hat we say now call the «are In the easterlies. 

Secondly, an eastward sdrsace of s. subtropical high nay constitute 

the motivating force that produces the hi section of the polar trough« 

This situation is aptly shorn In the case of lows which deepen near the 

Inglieh coast and move slowly northward, northeastward or even north= 

westward.   Here we find a d«ep trough situated east of the Asores high* 
* 

As the parent low moves northward» the high protrudes eastward through 

the trough in the subtroplcs and institutes a strong trade current 

across the southern part of the trough. Shis type of bisection is 

often accomplished very rapidly and the high appear« to suddenly en- 

compass the trough with its circulation, (figs. *H>), 

c) Evidence» The proposed theory of origin of waves in the 

easterlies fron extratropical troughs does not presuppose any ftsed 

source regies* Presumably waves «ay originate dtsriag say season at 

any place «here the situation is favorable for the unfolding of one of 

the sequences Just described» However, streng wares seldom originate 

in the western Atlantic or in the Caribbean* and indeed no good es- 

gfv ample» of fcreation in those regions were found on the 192k=3S historical 

j j£r naps« Thus the central and eastern Atlantic rsnain as the principal 
#*% k 
•&£,:, region« of the Horth Atlantic for wave generation. 

a 

'" $&•"•*     \     M?'&- ' HI—— .L    n     VLMmmi* turn 

• m" j %ß$ß 4 
"^   IK» Wave« may si go form in the western part of Central Africa or even 
'*'"" » "iäp- farther east, and move westward into the Atlantic, 

10 
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To teat the thoo?|*s the '45 wee?«« «elected fro» the historical 

Earoj were e^rc^el&ied hack across the Atlantic to the African coast 

froa the position isfaere th©y were first definitely located; occasion- 

ally as far east as 30CV. Long«   Tor the extrapolation, the average 

daily displaceiwnt in the Caribbean was need*   All intervening naps 

were tlies injected far treats to ihr ?iorih vhich. might give a clue 

regarding the genesis of the waves*   Later the process was reversed, 

and the sap« «ere examined for the ore eenee of intense extratropical 

& troughs»   When stich conditions were found» the next sight or ten 

niaps were inspected to see if a wavs entered the Caribbean during 

that interval, whose origin aight be attributed to taea.   The results 

of these studies are given separately below» 

Eastern Atlantic?    £hs northeastern Atlantic, where the ss»*- 

peraaaent Icelandic low is located, has long been known as a region 

of great cyclonic activity,   Extratrc-pical lows entering this region 

froa the west frequently decelerate in the ares bctwsen England and 

^| Iceland.   Hormally the upper treues »»soeiated with such a low does 

not extend far equatorward in the »iid-Atlantie.   As scon as the low 

*"•*. .„. 

~Z*i. slow« down and deepens after passing the center of the oceanic high 

ft-, 
•arr~. 

tc the south« however, the trough begins to penetrate into the tropic«. 

S-T 'I'his is the phenomenon known as the "induced trough." Its occurrence 

g^l Indicates that the extrsae eastern Atlantic is favorable source region 

1-* for waves in the easterlies, but the significance of each, individual 

trough tends to b» Minimised due to the frequency of this situations 

11 
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forty of the i»5 waves appeared to be of African or East Atlantic 

origin and could be extrapolated back into this &reac    In the case of 

all but six of these, a trough in the vetternde extended from western 

Europe into the tropics near the African coast about the time when 

formation should hare taken place«    This» however, was not as useful 

a criterion as it might at first appear, since a random ««moling of 

all the maps without r3f3rencc to waves in the easterlies showed that 

a trough existed in this area nearly half the time« 

The next step then, wag to examine the character!stico of the 

polar troughs themselves» chiefly as to intensity and speed»   Only 

the more intense troughs could be expected to extend far enough into 

the tropics to generate any tropical disturbances while fast-aoving 

or accelerating troughs were seldom deep enough or extended suf- 

ficiently far southward?    Sonsequently, it was assumed that only 

troughs connected with deep or slow-moving lows would be suitable 

for wave formation» 

•9 Application of this criterion yielded encouraging results. 

The statistical central pressure of the Icelandic low is ahrat 

I IOCS ab in «July said 995 sb in January»   on the maps that correspond 

I to the time when the waves in the easterlies should have formed-» 

all sasser aap_== the ssatrsl pressure was 33D mb or lower in half 

of the 32 eases in which measurements could be made and 1000 »b or 

lower in 25 out of the 32 examples«    In only two of the 32 cases 

1 -2 
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was the central pressure over 1005 mb.    In the calculations, car© 

was tafcsn tc exclude situations in which the Io«i«uu*v   lov was far 

north ef its mean position with v& ans of tha Asere« high over 

Europe to the south, of the low«    In thsce eases any great southward 

extension of the upper trough was blocked, regardless of depth sad 

degree of stagnation of the parent low« 

She ease test was then applied on a negative Laaig as follows! 

From the 13S0 maps, the deepest Icelandic lew* «ere taken» defined 

as 985 mb or lower at center and also all the slowest-moving lows 

defined as persisting three or moz« days with no apparent motion 

of aore than two degrees iat«   Many of these lows had both character«*» 

istics since normally deep lows more rather slowly»   Whenever such 

conditions were found, the maps from five to ten days later were 

next inspected t-e determine whether or not a wave arrived ia the 

western Atlantic or Caribbean whose origin could he attributed to 

the trough associated with the low*    In the case of deep lows* such 

wave« appeared in 23 out of 29 cases»    and in the case of glow-moving 
6 

or stationary lews, waves.appeared in fifteen out of eighteen cases. 

Shi» is rather strong statistical evidence In support of the theory. 

Baoampxes «a* 1-18 Sep 1925, 17-27 Sep 1927» 2-l6 Aug 1S30, 
lh-p Sep 1933, «4 12-27 Sep 1935. 

Samples are 6-15 Sep 19241 1-18 Sep 1925, 25 Aug-10 Sep 
19.29» 2-16 Aug X930, and 12=27 Sep 1935» 
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Figures k »ad 5 illustrate the formation of a ware in the eastern 

Atlantic. 

Central Atlantic*    Waves in the easterlies may form in aid-At- 

lantic from a trough the* is "blocked "by a «t^ong Asores high«    In 

order to determine If waves developed from such troughs, the H5 his~ 

torical waves were again «xtrspolatsd sack through the Atlantic 

using the rate of movement first observed in the Caribbean.    In 

fully half of the case» there was at least one polar trough in the 

Central or "»est-Sentral Atlantic past «aich the wave must have moved 

if it had formed in the eastern Atlantic«    In a few cases there were 

two such troughs»   Host of them appeared in late August er in September, 

since in July and early August the oceanic high was predominantly 

single celled and too extensive to permit penetration of a trough 

in mid-ocean. 

In many instances it was doubtful whether & wave formed from 

the mid-Atlantic trough or started farther east moving past the 

trough in its westward course.    In some situations, however,  »he 

evidence was conclusive that the origin itself took place in mid- 

Atlantic, particularly when there was a noticeable lack of .troughs 

in the eastern Atlantic.    In those instances, the mid-Atlantic 

trough was initially flanked by two distinct anticyclones which 

eventuslly merged.    This merger indicated bisection of the trough 

and indeed waves appeared in the Lesser Antilles after the proper 

ll* 



period.' (compare .figs« 2,3)«    Careful analysis indicated that there 

was ao possibility that these wares »ay hare forssd between the Central 

Atlantic trough and the Lasser in lilies Before the merger of the hi^is 

«as accomplished. 

3»   Smisalon from aa Extratropical Trough 

Another possible method of formation, closely related to that 

just sectioned, also involves the polar trough«   She substance of this 

§hroothesis is that «ares form along the trough, but move westward from 
g 

it as separate entities while the parent trough retains its identity. 

The tares are considered to be primarily derived through impulse« from 

the higher latitudos.    the equatorWard parts of small troughs in the 

westerlies that approach the stagnant broed seals troughs from the vest 

in the higher latitudes, are carried first southward and later south- 

westward and westward in the broad current w*st of the stagnant trough, 

and thug eventually emerge as waves in the easterlies. 

The hypothesis was tested through examination at periods when a 
w ~~ deep trough stagnated in the «id-Atlantic for several days.    In none 

of these cases did a wars in the easterlies qzpesr in the Caribbean 
9 

before the trough dissipated, began moving eastward» or receded westward. 

""       v 
"Sxamples are k-H Äug 1951, >10 gap 1929, 5-12 sep 1933» and 

19-30 Aug 1935. 

Hiehl (6) apparently (insiders this hypothesis plausible when 
he gays "There is some reason to believe that, wherever a trough of 

f.t''^|p great latitudinal extent remains nearly stationary for several days, 
j||f waves originate in the easterlies in the region of the equatorvard part« 

•2 

jo» 

of this trough and sse carried westward,,*   He furthex" expands on the 
hypothesis in a isore recent report (S). 

Jjh* Examples of such periods are 17*23 Jul 1933, 3-7 Sep 1933, 
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This would appear to be conclusive evidence that polar troughs do 

not «mit warss while they maintain their identity as separate and 

distinct troughe in the tropics« She conclusion is that whenever 

a deep and stagnant trough lie« off the Leaser Antilles or in the 

mid-Ätlantic9 a forecaster can confidently state that, so long as 

the trough remain« stationary* so wave «ill move into the area to 

the vest« 

«ü*s •' 

If •-/ 

git) 
• fir, 

k,   gorjaation on Equatorial Front 

5^ Tneory? Much has hses «ritten en the possibility that so»«? 

"if not all, tropical atoras form on the equatorial trough« What- 

ever has been said on this subject might also apply to wares in the 

easterlies, as long as it is compatible with the requirement that 

the zone of convergence lie along a line rather than in a circle« 

No theory of development of a disturbance from the mere expansion 

and intensification ef a singis thundercloud or locsl center cf 

convection could account for the waves« Likewise no theory of 

an occluded or triple poist lew could explain thesn, nor say theory 

of an open frontal wave with a closed circulation about it9 A more 

promising possibility arises in situations where a stagnant polar 

trough lies to the north of the equatorial front« At such a time 

the front moves farthest north an& the combined action of the trough 

9 keont.J 
!&»22 Aug 1935, 2U Sep-4 Oct. 3.9I&, and 8-13 Oet 19V*. 
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This would appear to be GonelugiTS svidss.cs that polar troughs do 

net «sit «BV«8 whilo they Kftintais tisir identity as separate and 

distinct troughs in the tropics« She conclusion is that whenever 

a deep and stagnant trough lies off the Lesser Antilles or in the 

aid-Atlantic, a forecaster can confidently state that, 90 long as 

\r- the trough remains stationary» no «eve will move into the area to 

&: •• % r the wess« 

$ 

h. formation on Equatorial Trent 

a) -Theory? Much has "been '»ritten on the possibility that sose 

if not all, tropical storms form on the equatorial trough« What- 

ever has been said on this »abject might also apply to waves in the 

easterlies,, as long a* it Is compatible «ith the requirement that 

1& ' the «one of convergence lie along a line rather than in a Circle» 

So theory of development of a disturbance from the mere expansion 

and intensification of a single thundercloud or local center of 

_ convection could account for the waves. Likewise no theory of 

an occluded or triple point low could explain them, nor any theory 

of an open frontal wave with a closed circulation about it« A more 
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J^, promising possibility arises in situations where a stagnant polar 

trough lies to the north of ihs equatorial front«    At  such a tiiie 

MX the front moves farthest north end the combined action of the trough 

Sveont«) 
IS-22 Äug 1935» & S©P=^ Oet JL9&&, sad SU13 Oct 19^*» 
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and tine front »ay generate * ware in the easterlies» 

W Ib£ysi5Bg&* The eastward esstrapolatlen of tbe ware« "back to the 

African coast Indicate that whatever wares «ere in tha* area the eqaato: 

iai trough—or the northern licit of winds with a aoutfeerly owsponent*»» 

often appeared, to he located farther to the north than usual«   To 

test this, the •Angus* and September ssps for six years wer? cheeked 

to see if «ay surface winds äorth of latitude 15°3? in Afrisa.the Cape 

Terde«, or ships thereabouts had a wind with a southerly component 

(anywhere from east southeast to west)«       At least one such wind ©e» 

eurcsd on U5 saps» l*ee 10 of the time»   Hext 27 tropical dis- 

turbances entering the Caribbean fron the east between X$2M and 

193S which speared to have formed in the eastern Atlantic were 

extrapolated hack to Africa»   At the tise when these wars should 

hare heen in the Cape ?erde area» if at all, southerly winds oc- 

curred there in the case of eleven of the 27 storms« 

Eext this process «as reversed hy taking all the days when 

south winds occurred in the Cape iBräe region in order to determine 

how frequently & ware or hurricane entered the Caribbean fire to 

nine days l&fcar»   In the twelre aonths tested there were 26 periods 

of one or »ore dsys in which south winds occurred*   Twelre times 

oaly did a ware or storm enter the Caribbean fire to nine dsys 

il 
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Si 

10 
In stunner» winds with a south component in that region may 

often be taken a« an indication that the equatorial trough is to 
the north» 
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11 
later« 

£,) Soaclusions She forcgois*; dsee not imply that ia ©ash can« 

s«ben the «lade had a so^thsj-Xy CGapoasnt; it was conclusively deter- 

mined that the equatorial front vas north of 15^. lat» or that this 

caaeed the south wiad or formed the wave» It say he that the ware 

had already formed and the «oath wind, only demonstrated that the «are 

«as west of the station and strong enough to change the usual north or 

northeast wind into a southerly one* But whether the area of and Just 

north of the equatorial treuen Is the scare©, the source region, or 

neither, the significant fact remains that tide is the area which 

should first he examined? «ad the area where s©«t often evidence of 

a wave will first appear» If a wave can he so found, the inability 

to forecast its actual genesis is not a great detriment to the fore« 

»aster* 

Thus» it is not suggested that the Case Tesne and äquatorial 

Africa «ind analysis he used to verify the origin or even the source 

region of the wave, ho,t only to identify the existenaa at the wave 

at an early «tegs «hen it is still in the eastern Atlantic» Then 

hy proper prognostication of its movement, its arrival in the Carlb- 

hean or Guiana area may he forecast from four to ten ds^s in. sÄ-änss« 

Finally it should he eaa&ioaed that the correlation shcva ahsve was 

not «Ätlafs^storv enough to recoamexid the use of any strict fore- 
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11 
Examples are the maps for 1>21 Aug 1927, 6-12 Sep 1928, 

1*5-30 Aug 1932» 17-31 Aug 1935» 2-22 Ssp 193& (t«o storm»), and 
1-12 Aug 193S» 
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casting rale fcaeed on iae Cape Verda wind«,   H®t:h*r these wind« 

should eerre as a ««rai&g sr notice to the forecaater te h» on the 

loofc.3«t for a «ST9 & few days later la the area farther wet vhere 

«micient data jfii present t© looate it definitely. 
A 
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CHAPXSE II 

3SEBC9DES 

th© following discussion concentrates mainly en the problem 

of how the sodals of the wars s&nast^ra» (6) were verified in the 

case of ths sixteen 19hh vsves» Special «mphaais was given to the 

horlncntal and vertical orientation, the wind patterns and the 

pressure and temperature distribution about the wave a. It should 

lie kept in mind that in theoretics! approaches ty Riehl And others» 

steady state conditions «ere assumed«, In the data used here, how» 

ever, accelerating, decelerating, deepening, and filling waves are 

considered as «ell as steedy state «avss« 

1. Eorjaontal Oriaatatioa 

Since the stations of the Antilles chain lie roughly norsai 

to most waves, it is difficult to ascertain the exact orientation 

of a wave trough, once it has passed the Lesser Antilles, Only 

Curacao, N.W«X« is situated far enough south to serve as a checking 

point.  If the position of a wave can he located with sufficient 

accuracy in the Antilles at the tine it passes Curacao, its horl&ontal 

assentation can be determined fairly successfully, Twelve of the 

sixteen waves passed Curacao with sufficient evidence to ascertain 
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Swan Island, Grand Cayman, Jamaica and the Bahamas are also 
situated off the main island chain.   However, in 19*& too few waves 
progressed far enough west to warrant statistical computations there. 
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the ties of passage to within six hours (in a -few c&see 12 hoars). 

The mean orientation of the trough lines was north-northeast—south- 

soTithwept and the extreme deviations from this as an were only nor tit» 

south, sac* northeast«»southwest* 

On the «verag«, there fore, the «aye troughs were oriented about 

norms! to the mean flow between 1000 aad 1^000 feet at Puerto Blco 

in evzsaer.   According to Stone (2), San Joan resultant wind; for 

these levels lie between 95° and 130°.    In addition, the orientation 

of the wave troughs tended toward north-south when the möan flow across 

the trough was aore easterly, with a windshift tTom northeast to south- 

east with passage.   Conversely» when the general flov «as sore south- 

easterly, the wave trough was located aore northeast-southwest«   fhese 

data corroborate the suggestion, that the disturbances tihould be con- 

sidered as transverse waves in the easterly current»    Xhey also sug= 

gest that the wave troughs gradually assume an orientation more nearly 

east-west, as they pass from the eastern into the western Caribbean, 

where the mean flow is aore southerly» 
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2.    Slope with Height 

¥aves in the easterlies generally slope eastward with elevation, 

unless they are undergoing transformation under the influence of extra- 

tropicel systems.   According to Biehl (6) their axes are nearly ver» 

tical op to 500C) to 8000 feet and slope eastward above that level«, 

To determine tue slope as closely as possible, computations were made 
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fres time sections of the upper winds at 8a» «Juan, Shis method is 

not entirely satisfactory» &t the Mejier Xeveies tlisrc »%- t-s aa 

error nmo"nting to twelve nous's in the determination of the time of 

passage» Moreover, use of the tise sections for determining slope 

presupposes a constant »peed of the *savess which in Individual esses 

of course is not always trae» Indeed, in regions where the waves 

tend to stagnate, the method is inapplicable, M San Juan, however, 

where the waves passed sore or legs regularly dyßriag X$hUt the figures 

should give a good indication regarding the average elope of wares 

in the easterlies ne«r Puerto Bice« 

fhe average lag between wave passage at the ground and at 

^30,000 feet was 16 hours« Sie average speed cf the tsaves at San 

Jtisa sss 17 e«.p«.h» near the surface, Thus the slope \,lth height 

was approximately If 35* ©y about half the slope of an average ten» 

perate~son© cold front«, Hthough Eiehl (6) gives no figures, his 

model shows & slope of the seae order of magnitude«, 

3» yertieal Extent 

The installation of rawins at San Juan and Cayenne early in 

1944 provided an opportunity to study flow «ad flow changes at high 

levels which could not *oe ascertained in previous years, Bawin 

observations were taken two to four times daily and information to 

30000 and iJOOOO feet was obtained with great consistency«, These 

records indicated that the height to which üie windshiftg wT.th the 
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passage of wave« in the easterlies extended «as often ejsaraous* 

though in most cases the turning was most starked b@t%@#n 10000 

and 2000Ö feat.   At §ss Juan- * shift of over S0e took place at 

30000 feet in ei^it oat of nine case« «her« winds to that level 

were available   Only onoe was there a lack of evidence of wave 

passage at this level.   At ?iCOO0 feet, ajhift of 80° ör »ore wa* 

«gala is «vidence in «even of th® niae instances cited.    In another 

instance, the rawin extended to only 35000 feet.   At £fea* level a 

good wind shift was in evidence. 

In view of these sore recent data, Eiehl's statement (6) that 

most waves do not show changes in the high troposphere should be 

modified.   It should, however, not he overlooked that the waves 

selected for study during l^A were the most intense ones of the 

season» and that weaker waves were omitted.   Perhaps it is host 

to state that at leagii the intense waves may extend to the sub- 

stratosphere cr higher* 

K   Wind Distribution m !•• Mil    !•!•       I     II     I      •—!••••     ——*» 

Figure 6 represents a vertical cross-section of the winds 

through a wave in the easterlies.    In addition, the height of the 

moist layer is given by the dotted line.    In 19^? the wind normal 

to the troughs of the intense waves was considerably greater to the 

rear of the troorfie than ahead in the lower tropoejphere.    This in» 

dlcatea convergence of tis« current in i$iich the wave s were embed- 

-ssSä^gBE*- 

'« a 

'« 

Ji 

•. «C^-CK: JW.*** --,  - _-»kvr«r\Ä **.-. 



r° ««ssa^KHss SflSHBKS «wunpia OWflW^HA^ajw^yEj.-' 
*~^j 

v.. r I 

r 12» far 

Jgg. 

^?. 

RISC" 

IP- 

9 

ded toward the «eve troughs tfron the east.   At shown in section X 

of this chapter, this current usually travelled from USE.    It« speed 

frequently esseeded the speed of the waves in tfes lev levels, especially 

n&s? 50Ö0 feet, so that in the lowest layer« air moved westvsrd throng, 

the waves«    fhere was, hotsever» a decrease of the oetlen normal to the 

wsre troupe with increasing height, ssd »t 30000 fest and higher even 

& reversal of direction relative to the earth«   xhusi, in the siddls 

and upper troposphere» the wave troughs geserally travelled faster 

then the air5 s@ that the air ujoved eastward through the troughs, 

occasionally at speed» in ssssss of 2D a*p*h,   A qualitative sp-> 

plication of 2ossby*s vorticity theorem (9) shove that, below the 

base of the westerlies, all layers that iiove considerably aimer 

than the waves should converge while ahead of the wave trough, and 

diverge once the trough has overtaken and passed them.    Thus the low 

level divergence gives way to convergence with height ahead of the 

troughs and to their rear low level convergence is succeeded by up» 

.per divergence.    Shis description agrees well with that givsn by 

Siehi (6)- 

ihere is, he^Ter, evidence to »aspect the presence of additions! 

layers of alternating convergence and divergence with increasing 

height,   According to Eiehl vo;  the wind weakens above 20000 feet* 

Sffil 

tfr? 
>*SSsa 

2a.« mr 

*-*•—•atorMmdHi&B e -J.i.^—^t?".-^*.^ 

While this is generally irue, ravin data, not available in previous 

years, indicate that in the upper troposphere the windahlft again 
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increase* in the cass of pronounced waves &e stated above* Wind 

vectors showing the difference In the ssridionai fio'^ fiöKponent 

at several levels ahead and behind the wave troughs ware cenpaied 

for twelvs 19**h waves. She difference was greatest between 5900 

end I50OO feet; lessened betwetiü 2C000 «ü£ 3OOOO feet; and inoreased 

again above that levels At «0000 feet the shift» was; greats? then 

at 20000 feet, and easgiderably greater than in the layer fro» 

250OO to 35OOO fset, If the preceding data may be intstprsted 

to indicate alternate weakening and strengthening of the wave- 

troughs with height« then it sppesyg reasonable to conclude that 

there are #e?*3?sä. alternating leye?« of convergence and divergence 

with height* And *hile one reversal takes place between IjjöüO and 

20000 feet, another one occurs between 30000 and 35000 feet which is 

near the average height of the base of the westerlieg» de observation 

of such layers agrees well with recent, as yet unpublished theoretical 

investigation by Professor Ce~ös Sossby regarding the distribution of 

. convergence and divergence with height in atmospheric waves* 

She preceding discussion was based en the change of the mer- 

idional flow cosaponent rather than the change of wind direction itself. 

The latter was greatest at. th« highest elevations» Between §000 and 

230OO feet there was an average shift of 60-7O" in 12-2» hours, which 

increased to 100° at and above jPjjOOO feet* Eiis picture is produced 

primarily by the decrease sf the easterly flow with height,, At 30000 

to 35ÖÖG feet and higher the sonsl wind component tends to be very 
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light, and «3«11 chan&es of the north and south compos®**« will pro- 

duce large changes of the wind direction. 

2a«; direction therefores does not yield en unbiased pietur« 

concerning the variation, of the intensity of the waves *ifch height, 

although the large change at h£^ levels provide en eacellent tool 

for analysis«   It is also of interest to note that except SOT the 

lagrer from 20000 to 25000 feet, the average northerly component ahead 

of the «eve is fairly constant and increases «ward becoming strongest 

at 30000 to UOOQQ feet»   On th* other hand, the southerly   component 

behind the «e.ves very strong at 5000 feet decrease« rapidly in the 

Icyer 10000 to 32000 feet and again strengthens above 30000 feet but 

not witiiiafceneity comparable to the northerly component ahead of 

the wave, 

5*   Heijdtt of the Base of the Westerlies 

As emphasised in the chapter on maintenaase, a deep easterly 

current is needed to maintain the vsmz,    Thus the months with 

greatest were frequency should be characterised by a high base of 

the westerlies«   As confuted from the San Juan ravins for 13Uh, the 

base averaged 10000 to 15000 feet in May, 2QD00 feet in June? 3^000 

wu  -*wvv  J.OOV   xu uujkjr,  «ucuov   euiu. WWJTOIJ   cy,wv   uu   jvyw  x«"c«   u ^yvvv 

September, and XQ^OOO to 15pOC feet in Bovember* Thus the seasonal 

march of the height of the base of the ^eeterli«« agrees quits well 

with the seasonal variation of wave frequency« Nevertheless, as 
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«treated earlier, a lowering of the 'base will often 6«esä»»s^ the 

passages of strong wares thszaseXv©»»   Base« averaging 3ip00 feet-** 

nearly averse a©lghfc-»prec*ded the passage of four well sarked ^rea 

la the earlier part of the l$*k season«,   M the tine of «av© passage 

«f. *hs  sirimAm^ «ixd shortly thereafter,  the h»«A äraran»«*  «)i«s^.i» 

to an avereg» height of only 1X000 feet for the four wares» aad then 

conditions returned quickly to aozaaU    lines the troughllae at high 

level« usually passes somo hours after surface passage, it appears 

reasonable to conclude that the lowest westerlies are encountered 

äl<5ä£ the troughllne» 

As suggested 'by Biehl (S), such a narrow bsnd of low westerlies 

say he due to the presence of dosed lov centers aloft«    fhe westerly 

winds» however, did not revert to easterly again la the four exasplee 

cit#)d, hut maintained themselves for the remainder of the ascents» 

to 5QpOÖ and even 60/500 feet»   Thus if the westerlies are caused hy 

the presence of an upper lew center» this center Must extend to -very 

great heights rather than persist only in the middle troposphere» 

If, however» the subtropical high were displaced south of San Juan 

in the high troposphere» the we steriles may he considered as part of 

the drcumpolar westerlies«. 

Shore was a suggestive correlation between the lowering of the 

baa© of the *©gsa?!,ies »no. deepening ^rwfMujBjüjgj C fm     ma vsrai instances . «here the 

lowering «as most marked, & tropical disturbance formed within 2U hours. 

Moderate lowering was accompanied hy slight deepening,   fast moving 
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weak waves had the least effect en the baas.     This observatiea 

corroborates the suggestions on tropical cyciegenesis presented by 

Riehl and Shafer (?) and what is said in this report esteeming 

deepening of the waves»   Evidently» hs«8«>?, a reversal of the lower 

easterlies to western©» with height can serve as a warning of is» 

pending eyclogeneeis only ander these cpecial circumstancea, since 

this reversal is one of the outstanding and most persisting features 

of the aonwhurricans season. 

6«   Pressure and jgeragratttre 

a) Pressure!   Por the study of pressure said temperature character« 

istica, the raohs of the following five Caribbean stations were used 

in addition to the surface observations    St. Lucia, B.W.I., Antigua, 

B.Wei»} San Juan, Puerto £iCoe Port an Priace, Haiti, and Batista 

Held, Cuba,   Proa these soundings 2h-hour pressure changes were ob- 

tained for the period» 0-12 hours and 12-2*+ hours before said after 

wave passage« 2U-hour surface tendencies observed ahead and behind 

the wave troughs are given in Table ls    fhe figures indicate the 

suaber of occurrences» 

tar* 
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Säsaa 

On 10 äTaly lQ*4l- the base of the «esterliea fell fro» 2"*000 
to SfpOO feet at San Juan within nine hours after passage of a wave 
and a tropical disturbance formed on 11 July. A fast moving weak 
wave 12 July, was accompanied by.only slight lowering from ^DOO 
to 2500Q feet« See also wave passages 29 June and 16 July when 
lowering avereged QQ00 feet- I» both cases the waves sloped down 

*A    AM epened slightly» 
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Stelling tendency 

Eisiafc ien&sasy 

Ho change 

7&3LE 

Ssfors passage 

13-2U tor«,     0-12 hrs. 

21 lU 

U 2 

After passage 

0-12 hrs.     12-2** hrs. 

U 9 

*H US 

9 11 

She greatest fail in the period 12-2*1 hoars before «eve pas» 

saga «as 3*7 »h*   Wie greatest fall in the period 0-12 hour« 'be- 

fore «are passage was k»k ah,   She greatest rise found during the 

period 0-12 hoars after passage «&s 3» 5 *h and the greatest rise 

for tht period 12-2h boors after passage «as 6.2 Kb.   Sxtreaes 

occurred «ita the «acres that had closed centers. 

She distribution of the changes agrees in trend «ith the 

descriptions of Dunn (3} and Biehl (6).    Soae of the deviations 

T-   a 

number of instances the true isallobarie field, especially with 

«eak «ares, was masked by *he influence of higher latitude syst&ns. 

In others it «as affected by the interaction of ts«s© closely spaced 

,,<p-' 
waves. 

rh=H8u# pressure change a aloft «ere obtained frets tis» sections 

for the five stations listed above«   Bamlts at- 10D30 and 2QO00 feet 

only «ill be pse»sntsd (Table 2) since the figures at still higher 

levels «ere too uncertain end inconclusive»   2MB is in part due to 
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scarcity of data and in part du® to the necessity to assume an 

average slope of the wave troughs with height as veil as a cons- 

tant and equal ditplaceiaent «;f the w&«re troughs at all heights* 

railing tendency 

Sislng tendency 

So change 

XOpCO feet 

Before surface passage     After surface passage 

12-24 hrs.   0-12 hrs.     0-12 hrs.     12-24 hra. 

19 

3 

2S 

8 

14 

15 

24 

12 

11 

6 

"¥' 

«5,   "^ 

«A» 

. NX 

>3&@ft 

(«1 

Vailing tendency 

Bising tendency 

So change 

20000 feet 

Before surface passage 

12*24 hrs»    0-12 hrs, 

17 18 

6 IS 

7 10 

Ifter surface passage 

0-12 hrs,     12-24 hr8s 

18 13 

13 22 

14 6 

WOT the period 12-24 hovtrs prior to surface passage, the 

greatest falls recorded were 4 nb» at IQOOO feet and 3 »b. ®* 

20000 feet-    Bor the period 0-12 hour® before passage the greatest 

falls were 4 nb. at lOjpOO feat and 4 ab at 20000 feet.   3br the 

period 12-24 hours after passage the greatest rises were 3 Eb, at 

10000 feet &i& U tab at ;?0000 feet«,    The results in general are fair«, 
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It ia difficult, however, to account for/the increasing number of 

pressure rise« 0^12 hour« ahead of libs vave trough* ao compared with 

»•• 

In four of the five eases where two consecutive soundings could 

be analysed, the base of the layer of cooling lowered in the 18-hour 
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12-24 hours ahead» 

"b) gemperatnret    Jifteen iaatess©» ware «tfailabl* at gaa Juan =.: 

for «hi eh 24-hour temperature changes could ba computed fron sound* 1 

in~r less than 24-hours after surface passage«   In cases where the 

rsob in question «as taken only a few hours after surface pas sag», | 

I 

tags altogether» 

The following 2H»heur changes were noted»   In eighteen cases 

there «as a layer of cooling of at least 2°0, with base averaging 

770 mo» (SpOC feet), and top averaging «g^sozl&ately 4o0 ab, 

(21,000 feet)*   5?he thickness and position of the layer vari©4= 

The ba*e ranged from the surface to 570 ab« (l5jXK3 feet)«   fhe top 

Mas at or above the 540 mb* level (17000 feet) in all but two eases j 

and below 400 ab. (25000 feet) eaesept for two eases»    In one instance 

-& there were two layers of cooling, one from 7^0 rab»to 570 ab» and one 

from 400 no» to 200 mb.   Eight times there was a layer of warming of 

§ #=v 2°G or more, «fcich was based four times at the surface, twice at 

j£j 200Q feet,, once at 3000 feet9 and once at UpOO feet-   fhe tap of 

Ü* *he layer of «arming averaged 760 ab. (S50O feet) with extremes at 

Iri 67O ab. (lllOO feet) and $BQ ah. (4000 feet)* 
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taterval between the ti«© raobs «ad the esouat of cooling increased* 

Xn the fifth case» no legrer of cooling was in evidence oa the first 

seunding, hut appeared en the second» The lover layer of warming 

appeared on the firet reoh in four instances "but- disappeared in 

thrss Instances on th# second »unding. In the fourth ease it 

tsssksasdo She following extreme aaouate of «arming and cooling «ere 
o 

obtained • She greatest cooling was S C. Once there was cooling 

of 6°C, ones of 5°C, twice of k°Q  and eight times of 3°C, She 

greatest warming was 5°-« Once there was warming of H°0 and three 

times varmi&s of 3°S, 

Thus, the following 2U-hour temperature changes should ordin- 

arily- he oh served with ware passage» At first there should he 

warming of 2-^C at or near the surface and extending to 8000 feet, 

with a layer of cooling of approximately "fz  immediately above it* * 

fwelv© hours la&sr the 1: fA«    A^    'Mat*« sing should ordinarily have die» 

appeared, or weakened considerably.    She layer of cooling should 

have intensified with the base lowering to shout iJOOO feet and oc- 

casionally to ths surface«    Shis sequence of 2U-hour changes sug- 

gests that the actual cooling hegins irane&iateiy or ssss after pas*- 

sage of the wave trough, while warming precedes ite    It agrees well 

with the C0JS*ept of low level divergence ahead of the wave trough« 

end convergence to their rear» 
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7«   Hei^it of the Heist Lasrer 

2h© top of the not»* layer has often defined freqiueatly as that 

level Jisre the relative humidity drops off rapidly with height to 

below Uo£,    She height of this level is en the average around TOGöf*^ 

to 3p00 feet.   Previous work concerning the effect of waves in the 

easterlies on the height of %'m moist layer indicates that it may 

low*r to 5000 feet apprexiBately äöO miles «head of the wave; and 

that it rites rabidly about the time of wave passage» often •*• 

cae&fsg 3Ö0ÖQ feet* C6) 

Xn order to sea to «hat extent this picture verified, twelve 

wave« between June and August of 19^h were examined for the effect 

of wave passage on the height of the moist layer at San Juan.    In all 

instances except one, the height of the moist layer increased just 

after passage« 

The average height- of the moist layer during the period under 

consideration as obtained from 99 raobs» was ll.Uoo feet*"'   In the 

2h-hours preceding wave passage the moist layer averaged 11JSG0 feet» 

or approximately the same as the general averages    Buying the 2h~ 

hours after surface passage, the average depth was ISpOO feet, 

representing an increase of about 50#s    In 75$ of the cases the 

the moist l?syesr was deeper 12 to 2^ hours after passage than 0-12 

'35 

i 

an liTa. 

ii 

<•* --IteS?* 

It Is also of interest to note that the moist layer averaged 
13700 feet- (6l observation«) when the mean wind between 1000 and 
15000 fast blew from south to east, and only "700 feet (38 ob- 
servations) '(«hen it blew from north to east« 
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honrs after passage, 

Tha.« there was ft pronounced rise of the top of the moist 

layer after surface passage, frit the top was near the seasonal 

average before passage«    It should be noted« however, that the 

|f. waves were sot all of the steady-state type.    Sos    contained 

closed low centers while they were passing San Juan and others 

were deepening* 

W 8.    Conclusions 

a) The hcrisontal orientation is nearly perpendicular to the 

Mean flow between 1000 to 15000 feet«    usually north-northeast—• 

south» southwe st. 

b) The average slope of the waves with h«i^it approximates 

c) Strong wave 8 are still well narked at UöjööO feet,   There 

is» hove~er» an intermediate region between 20000 and 35000 feet 

-r- t&ere they are noticeably weaker, 
•A- 

&) The moat pronounced shifts with passage occur at 5000 to 

I5OOO feet and again around ^»0000 feet or highör. 

ej) Most waves are preceded by 2h-hour pressure falls of 1-2 

If* mb. on the surface and aloft» with subsequent rises of the same 

order of magnitude upon passage» 

f)  shortly after passage, g^bour temperature rises occur from 

the surface to approximately S000 feet with 2M-hour cooling above« 
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grater 2*Wuror cooling that extsads farther do« follows 12-afc 

hoars after p&asages 

g) Before ware passage the height of the aoist layer is ap- 

proximately aonrt, (Mpoo feet).   After passage, it rises to over 

X800O feet and attains its greafceet height 13-2& hours after pas- 
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CHAPTER III 

WEA2HBH DXSERISUTIOS 

Up to quit© recently» effort« to treat the engaging patterns 

of the daily weather in the tropic«* apart from hurricaneg8 «ere 

very limited.    Indeed, torn officials of meteorological service« 

is the tropics freely expressed the opinion that it «as impossible 

to forecast the day to day changes of the -weather«    In. the Atlantic 

region, Sonn (3) first considered variation» In the height of the 

moist-le^er in relation to wares in the -easterlies» under the name 

of moving allebaric systems»   Frolow's   discussion of a "cold front9 

pas-sgA at Msrtiniqaa in 19U1 (5). describes essentially the weather 

asperienced with a reasonably strong wave.   Eiehl (6) and Bonnot Cl) 

treat the theory of convergence and divergence around steady stats 

wswes and cite several observed cases« 

In order to ascertain to what extent the theoretical patterns 

are home out in practice» the weather distribution observed in con- 

nection with the 16 waves of the 19Uh season was analysed in detail. 

Since several   of these waves developed closed lov centers« it also 

"beeeae necessary to refer to the weather patterns associated with 

tropical lows to some extent,    She verification was carried out 

through an analysis of the distribution of the measured rainfall 

and with the use of an empirical formula which also includes cloud- 

iness sad «hich is described in the appendix to this chapter.   Ail 

other inforsastion available from the synoptic aj»£ hourly observations 
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1. Average Distribution 

At first a eooparison «as mads between the average distribution 

as obtained froa all naves of the V)kk season and the theoretical 

picture around a steady state wave, i.e» a wave that changes neither 

speed nor intensity, according to theory, the ^eathö? &~2h. hours he» 

fcT« passage of a steady state «are trough should he considerably bet- 

ter than average, with damping of the diurnal connective activity 

and a minimum of precipitation» then as the though line passes at 

the surface, increased convection, showers, overcast skies, lines 

of cuouloniabas and middle cloud decks appear* The clearest skies 

should "be found approximately 200 miles ahead of the wave trough 

and the greatest amount of had weather approximately one-half this 

distance to the rear» 

A statistical summary for all stations of the Antilles chain 

and the Guiana coast during the sixteen wares for 19H4 gave 92k 

Inches of rain in the thirty hours op to «is-face wave-trough pas- 

sage and .US inches of rainfall in the thirty hours after passage» 

At the sane stations the average rainfall for a period of average 

diurnal weather, shewed »15 inches rainfall in thirty hours» Sher« 

fore, on the average, »eather ahead of a wave in the easterlies is 

considerably better than behind. However, compared to normal con- 

ditionss the weather before the wave is not especially fine» Shis 

statement should be qualifies.» however, by stating that all types 
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2, Ifeather Distribution la Selatien to Speed of geggjb 

A reasonably reliable wave characteristic thai can ho measured 

at an early stage is its rate of displacement« Once a wave is id*a- 

esrreat rate of movement. In this discussion the speed of the wave 

(c) is used as the primary typing factor» It is more easily mea- 

sured than, for instances amplitude or intensity and for the most 

part there is a definite relationship between the speed of a ware 

and its intensity> and between changes of speed and changes of 

Ü intensity« An additional consideration is the relation between the 

H|   ja- speed of each ware (c) and the average flow aoraal to the -«are trough 

fg> (ü)0 Both (c) and (U) are here considered to be negative for «action 
«fie 

from east to west« 

Arbitrary limits of ware speed chosen for the classification 

euS as follows? 

18 a»p,ii and above s fast 
17-9 to 13.0 a,p,h»s moderate 
Leos than 13 a.p»h*s tslow 

As one might expect, reTry few waves fall into only one classification 
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l- »E^SS»   Eh© variance of weather distribution among the 16 waves 

|t theueelves was great*    Jhus the ssreravge distribution does not help 
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throughout their nhole life history«    Consequently,, period* «he» 

the various vac?«« aaintained reasonably steady velocity «ere chosen 

and their weather distribution was studied during such Intervals» 

Because only sixteen wives were available, each of the three groups 

contain« very few cases«    This is a serious drawback statistically* 

The following sections, therefore, should not be expected to present 

final results concerning the weather distribution with each type» 

They should rather be taken as an indication of what the final 

picture probably will show* 

j£ lajt_Eaving waves» The rapidly moving waves of the 19hU, 

season occurred primarily in the early part of susser«     These 

waves also did not produce tropical stores or closed circulation 

*hils Baintaining high rates of displaceisento 

Ssinraii and weather distribution show ee^giisr&bls deviation 

fron..the theoretical distribution around a steady state wave through 

*feich the wind blows froa east to west«    The average total precip- 

itation for a period taksa p hours before «nd JO hours after sur- 

face trough passage was ,7§ inches«    The asount before passage (.42 

inches) eaceeded slightly the total after passage (.36 inches)» Thus 

the average sia-hourly aeosnt for five six hourly periods was «OS 
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29-30 Jua,from St. Lucia to Ptysrtö Bic©; U s «15« c s «XS„h aswshs 
10-12 Jul, froa St« Greix to Caaaguey; X? s »13* * a =*2 s*pob« 
15-16 Jui, friaidad to San Juan; U a -l6«5, 6 * -20 m.p.h, 
30 Jul - 2 Aug. Trinidad to Port as Prince- U - -19.5, 0 a -24 a.psfet 
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••5 *e£c»re aad »O'f laches after passive, the maadaram taking place 

approsiiifttely six hours "before passage.    2h© distribution of the 

other father factors was in gsaeral agreement t&th the ?sinfalle 

Consiä«rably BOX« aether occurred "before passage than after*   Over- 

cast sides extended aa much aw 2«f hoars ahe«ds while rapid clearing 

took place on several occasions ads to twelve hears after surface 

trough passaß», 

C-osparison of the speed of the wave-trough with the man flow 

between 5000 and 15000 feet nor.-»»?! to the trou^i indicated th«t, 

on the average« the waves soved k »,p,h, faster than the current 

in -such they were embedded«   The bad weather occurred farthest 

ahead of those troughs, where tW? was greatest and there was » 

general tendency for the intensity of the weather to decrease as 

v-C increased,   This result compares farorebly with the weather 

distribution itidieÄted by Bishl (6) for waves that move rare rapidly 

that, their steering current, although in his aaalysis V strictly 

represents the «snal flow* 

At a given station the period of showers and squally weather 

«eldera esseeded twelve hours in connection with the passage of & 

fast wave«   ?or aircraft operations the bad «either areas present 

less hazardous conditions than those associated with other trees 

of «S78S.   Usually there ar-e.öaly a few miaut©s of terminal ing» 

trunent conditions and often no instrument conditions At all. 
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h) Moderate gg&Bfi wejTOJi* *«<fes of moderate «peed shewed * 

uniform seasonal disps**iöa#    Sisee several of the«® «av@e deepened 

the perisds of deepening wer« omitted for purposes of this study, 

DsgjaBiag US hours befesre she deepening "became apparent at the 

surface«   Thus» wares is steady state conditions only were con- 

sldered for 19*&, end seTsral steady state «ares öf the early part 

of the 19*6 season were also added. 

She areraga rainfall pattern shows the following*    in the 

thirty hour period up to the time of surface passage,,»19 inches 

of rain fell and in the thirty hour period after passsgs, «Ujj 

inches*   therefore, less than one third of the rainfall occurred 

before passage»   Cloudiness before passage also \«&s less intense 

in general than after passage*   Thus the weathsr before passage 

is approximately normal hat after passage becomes a$$reäiäbly worse 

than normal.   The disturbed weather lasted at least 12 hours and 

considerable cloudiness frequently persisted for an additional 12 

hours* 

The mean flow noraal to the trough line from 5000 to 15000 feet 

was approximately equal to the speed of the wares.    In one case it 

ssseeded the wave speed oy 5 m*P*h. and the worst weather was dis- 

placed farther to the rear in this cospsred to the other cases» 

1 

•5? 

•3*- 

Si 

* 

Si 

4 

S«9 Jul, British Guigaa to Bissau; U « -lU, 0 B -15 sup«h„. 
9-11 <?ulf C&yena© ia Barbados; S3 * «19» 0 ss -l6 m.p.h«. 
l>l6 Sep, Trinidad to Jamaica; U » «OLÄ, 0 s -15 m.Poh» 
1J-19 Sep» Trinidad to S\ierto Bieo? 
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! I. Weather occurred in the form of frequent ssoderate «hovers» 1 
L 1 
I j o«c&eiöiiel heavy she wer a. and terMnal instnsaent conditions per» | 

« # aiflted for intermittent pwriods tip to 5/^ hour,    Oumuionimbi ana * 
I 

extensive altostratus and sltoeotaalus decks secompaaicd the ware i 
J 

passages* % 
•$ 

-? 

c) SJcTtly asrjgg saSsM   ^9?s ««r® three slowly moving wares t 

Ür during 19*&«     All of these occurred late in the season, and two 

the moderate nsgrcag %vS«« 

Mftzi*«s oloudiness, as well as rainfall« took place ev^prozisately 

15 ho«*1« after surface passage.   Duration of weather, type and amount 

of cloudiness* stc-sS reseaioled closely the sequence observed in so»» 

nection with moderate aovi&g wares.    The primary difference 'between 

these two types of wares lies in the. fact that the weather ie con- 

IP siderably better ehead of the alow wares than the «©derate moring 

wares» 

3 
1«6 Sep, Trinidad to Haiti? U 3 -11, C a -3 sa*p.h. 
4-9 Oct, Exlaidad to San Juanj U « «10 j G - -7 m*P«h6 
16-20 Oct, British Guianr* to Haiti; TJ s -12s C - -g m.p»h. 

Ua 

foxssd closed low centers«   Prior to the deepening, ,09 inches rain 

fell during a thirty hoer; period hefay® passage and »32 inches or 

more than ?$£ of the total after passage.   Compared to the normal 

rainfall during average weather for a essqgm&S&- thirty hour period 

H: («15 inches), the rainfall hefere passage \m» considerably lass than 

HT normal*   The rainfall after passage Compares to that associated with 
5 
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ft? trough line was 11 aup.h, for the slow waves» wliile the wave «peed 

1 ..-fs» was S nup.h,   Shus o - 0 « -3 m«p«h, to contrast to Ü = 0 « 0 for 

the moderate wave«    Shis relation should, according to llielil (6) 

produce divergence and fair weather before passage and convergence 

with equally weather after passage» 
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d) Deepening end decelerating waves* Beceleration of the speed 
if 

of a wave during 19l& resulted in each case in the formation ef a 

closed low of at least aoder&te intensity» Khus deepening end 4«s» 

cslersting wave« asy be considered together »* far as the ISUH wave's 

in the season« 

the weather distribution around decelerating waves varied widely 

depending on conditions immediately preceding the deceleration. How- 

ever, a typical sequence of changes can he found» 5?he weather is 

&• generally distributed asgrsuaBtrieally during the early stages ef de- 
st?» 

fpj celeration with the period of usost disturbed weather approximately 

j|| 12 to 15 hours behind the surface trough passage.   As the deceleration 
mm 

progresses* **e pattern slowly besc-sss ass*   syszsstrical, sad in the 

jHBS  ^  

'Jgj|| 9-11 Jul, Cayenne to St, Lucia« 
1>"15 Aug» Sutch (hü ana to Antigua« 
15-l6 Bsp, Antigua to Jsaaica, 
17-4.3 Oct.  St* Lucia to Puerto lico 

*3 

jfv *»« relation between wind and trough speed give,* & possible f 

^7 cine concerning thig difference. She sverag© flow normal to the | 

.3 

rgr- ***• «ßäsmtl  w«s».     ühl«  y«l«tiftn   ahnnld.   nR«>Am!{n«> *rt   W<A»»1   I'M -It 

si 

3 
3 

sre concerned, Ihe tendency for deceleration increased as the sea»        1 

sea advanced, while the steady state waves occurred primarily early        I 
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later stages the «Bather is «erst spproxisa&'Csly 5 hours after 

1   f trough pasBags»    Thus there is a gradual transition from the pat- * si 

' r -?      s I" terns association with steady state waves in the easterlies to | I 

junction with slow moving waves.    Initially,    also U - C <0,   As f- 
H^, the aöeel&rasicm began» the weather distribution became more spa- 

fÄ metrical,, and Ü - 0->0.   Neither of ths two cases could be fol- 

lowed to the stage %here tj = C >0» 

•     30-31 Jul, Haiti to Cuba, 
ir-6 Sep. San Juan to Jamaica, 

Ulf 

1 

# 
I 

••: 

those connected with tropical storms«    During the tre&sition, the I 

intensity of the bad weather increases constantly*    Therefore, as \ 
I 
•3. 

is entirely reasonable- deepening waves yield the- most dangerous 

(«aiViav sondi tl^?n c - 

It ig noteworthy that, while the mean flow no ratal to th© wave 

exceeded the wave speed during the aarly hours of the deepening«        * 

the speed of the wave and the mean flow beceasc approximately equal       \ 

as the deepening progressed« 3!his changing relation, however, may      \ 

no longer be used to interpret the shifting of the areas of eon«=        \ 
1 

vergence and divergence relative to the wave trough because of the      | 

ty>n—«rfceady state ttrpe of «otio«  iavolvsds 2. k 

e) A£222 ggatine wave si Only two instances of pronounced ac- 

celeration took place during 1$W«    In the t«? cases noted   the 

-%£ weath©? before acceleration was similar to that described in cön- 

I 
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East moving waves ( IS a.p.h.) sire of weak intensity csd 

have an approximately symmetrical distribution of weather about 

the» wave troogh» 

Moderately soring ^are» (13-lS m«p.h«) are In general «sore 

intense than fast wares» The weather increase» after the trough 

passage. 

Slow waves ( 13 a»p«h») are preceded by a pronounced zone of 

good weather and hare maximum Intensity of weather 12 hoars after 

passage« 

Decelerating waves* which develop into tropical tiaras* sr@ 

the most intense of all types considered and gradually approach 

nearly symmetrical distribution of aether. 

he   Appendix 

In the study of weather conditions around a wave in the east- 

erlies, use of rainfall data alone seems inadequate» It is oh» 

viously possible for rain gages to record unrepresentative «sssats 

of precipitation in many instances. Therefor the other elementg 

such as cloudiness and type of precipitation should he included» 

A formula säbodying thsgs factors was devised, naaeiyj 

CeT 2 $± +    (Cw X H) 4  (** 2 BE) , weather Intensity» 
Ol ü ma 

This empirical formula states that the low clouds considered with 

assusi ox low clouds plus middle clouds considered with total sky 
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coverage, plus type of weather considered with aaotas* of precip- 

itation result« in a picture af weather iat«üagi*y- Since all clouds 

are not all equsllj iaperiant weather producing elesents. the typ© 

said asöuäv» «ere weighted according to the following gshadalet 

« 

0^    V*lU» 

"Si 
Cod» 

Cg Value     figure   Talue 

•a 
~h 

Code 
figurs Talue 

1* 
2,4,5 « 
6.7.S e 

3 » 
9a 5 

1,2» 1 
3,4,5*6 * J 

7.§»9 « 3 

1 * 
2.3« 

1»2,3 * * 
4,5 m 2 

6,7.8 » 3 

W or ww 
(hut not both) 

Bain- 2 
ShftaS? 2 3 

fhunderritors s - 

BE 
Aaount  7*lu*   «Mount  Talue 

S- 1 
-01 - slO - 2 
,10 -!• »50 * 3 

•50 -1.0-4 

fhus each sis-hour!?- synoptic observation eaa he assigned 

a weather value number, which aay he referred to as the "weather 

integer", two example», of a typical synoptic observation end their 

computed ^integer* follow* 

Si Y* 
~3     ''T* 

(CL X Hh) / (Gy X I) / (w) (BB) 

(4)  (?) i (3) (8) / (3  .5> « 23 

a 
I 
Ü 

•2 
-a 
5 

I 
3 

S - 
3 

Hi 
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Ho atteapt has oees made to verify the value of the fcrsrila 

statistically.   However the reetjite, viewed qualitatively, offer 

a reasonably correct picture of the intensity of current weather. 

k graph of tis» versus weather integer provide© a staple yet reason- 

ably accurate picture of changing intensity at a particular ob- 

servation point. 

•2 

: 
-, 

I 

a! 

•Bf/ 

t we? 

Mi 

H7 

z. „--»^^•»..'W?"j'!SK5-,.?1  ,*s? 'H««^1»asr^i,Ä.rsÄ.'iÄR,,?f5»S«^'•,fSi,*'SS!sSl?!I.C'.^2i3 



««SJ-MMS5S£SSöSKSJS»S5S£ÖS^3Hä!HSS fvnas: ••" a—ggy—w^gggM*» 

.-"st 

i     -FV 

1       Sf 

I; 

ä*RT 

, ^^=- 

^ 

OHiFUE IY 

JUIETEKAECä 

1«    Basic Requirements 

It has öeaa shown in ths chapter on Origin   that the deep 

easternss in thomselres do not generate craves.   Ones & ware hats 

formed, however, it is probable that deep easterlies are necessary. 

to maintain it»   Thus North Atlantic wares occur mainly in stumer 

and early fall «hen the trades are most widespread« 

There were several ways to verify statistically the store 

hypothesis»    first the ädatr&l pressure of-the oceanic high waft 

taken as ** rough measure of the strength of the trades, with the 

assumption that any change should bring about & corresponding 

»U»——<k     4w      IV.»    .wA—^uaM.      ^a.J4...i      4.—     Jt 4. _     __-„i«. *flM.»     —_ _      _—_*..— — "1 
ViWU»»     4bu.      «ly    ^>*WQ«UA«>     gtOUiVUV      VW     I»)     WJUVUI 1IW     CHOIdgO     WOJUMTCU. 

pressure, based on fifteen ye?»« data (192^-38) is 1029*3 *b in 

July, 1027*0 ah in August and 1025.9 ah in September«    The average, 

however, for eight day periods prior to ths appearance of a ware in 

the Caribbean, l«e« for the period« during which these wares were 

U*7UB«.LU£   «xw  «kbxcuiVAu,   weu»S 

105L«H ah in July (six wares1) 
1028c.2 ah. 1« August (22 war«*}  and 
1028*0 mb in September (fifteen wares) 
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Only six out of the forty f-ur historical waves occurred in 

July«   SYöm what was said «bore c©ae©rai»g the frequent occurrence 
of wares in July, it may appear surprising that such & email per- 
centage of those selected from historical maps issre July waros, Ths 
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fhus, in these situations, the central pressure of the high ea§- 

cesded the monthly average by 2,1 mb in Juiys 1,2 ab in August, 

said 2.1 ah in Septembers 

An even tetter tsst of the strength »and depth of the easterlies 

say he obtained by measuring the *onsl iuiex of the trade •wind area, 

for purposes of this study, this index was defined as the average 

pressure at 30°&. sinus average pressure at 15°I.» both taken in the 

zone hounded by the meridians to0*, and 70°V. 3he average pressure 

along the parallels was determined by readings taken at the inter- 

sections of the parallels vith the ijQth, 50th8 böth, and ?0th mer- 

idians. She area used to determine the index (Figure 7) was selected 

so as to coincide with the mean southern periphery of the subtropical 

high and thus yield the most representative figures for determining 

the strength of the easterly flow in the latitudes where waves ere 

most common« For this reason it appears preferable to use the ?.i&o&s. 

as defined here rather than the subtropical index as employed by 

Eamiaa, The index was computed dally for the nine months of July, 

August4 $&&  September 1936-1938 «ad for August, Septesabsr, and 

October 19HH, altogether twelve months, Iron» «he daily figurea, 

monthly means were then computed* In addition, the xsan value of 

the iädex was calculated for each four day period prior to the ar- 

rival of a wave in the Caribbean. 5!h® results are shown below* 

1 vcont;.} 
answer lies in the fact that owing to the lack of ispper 

tdr data only the more intense waves could be found on the histories! 
maps, and July wives are seldom intense. 
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Monthly 

before ©ach 
Wave 

July 1936     J«ly 1337     July 193S 

7.9 

g.U 
8*0 

Aye« 
8*9 

6.S 

7.3 

8.5 

in i 

9.3   Are 
1Q.7      Q_ Q.Q 

— j 

Overall 
July 

Average 

7.7 

9.1 

is 

I 

ft- 

AT. 

St' 

^      *£SST~ 

«••*-- 

1 IS 

;| fei • 

a&. 

Jf- 

Monthly 

before each 
Wasre 

Aug. 1936     Aug. 1937     Aug. 193g     Aug. I9I&   Overall 
August 

Average 

7.7 

g.g 
7.7    ATF6. 

g,h 

g,l 

10-6 

7eH Je 5.6 

9*1 
g,^   Aye. 6.3   Aye.     g.l 
7.5   8*3   5.3   5.« 
g.l 

Sept. I936 Sept. 1937 Sept. 193g Sept, 19UU Overall 
Sectesbe: 

Monthly Average 6.5      4.9 

Way Avsregs 
before each 

Wave 

v.o 5.7 
g.5> Ave. 7.6 Ave. 
S.U 7.9 7.8 7.0 

6.5 •*.7 
Average 

7*1 
6.2 Ave, 
8*6 7.3 

5.5 
3*^ Ave» 
5.S   M 

Oct. I9i*4 
3.3 

k.3   Ave. 
5.8   5.0 

6.6 

Monthly Arerag© 

v-day Average 
before each 

Wave 

Ebe index for the four days preceding the arrival of a wave in 

the Caribbean esseeded the average monthly value in 2S out of 32 ins- 

tances, and was the same in one case.    It easee&ed the overall monthly 
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>                                    average in «11 is stances, und 'by mors than 39£ in nine ins*!£neees f 

These figures show tho uuefül&ers of the ladest«   Haver the!« ss>» ** 
S                                                                                                                                             • f 
|.              it is necessary to study täe maps for- any unusual fsatur*1* that may -f 

•i S 
H              detract fro» the velue of the calculation. For example, the index | 

say he uuropresentatively low if a hurricane is located near the | 

calculation points on the 30th parallel, or uarepresentatively high        f 

0 if on the 15th parallel.» furthermore the index does not indicate ? 
mi i 

3 J2S 

IP is 

33S 

81s 

.   ATI 

site 

-IS* 

what is occurring farther east in the Atlantic, «mere the data was 

too sparse for accurate computation» Thus a aajor wars or tropical        I 

s*Aj^« j*i«y «^prosch from the eastern Atlantic and then recurve north        g 
f 

of the Caribbean into a big trou^i, in **ieh case the index would 4 

1» low«2 I 

2«   Additional Requirements 

^ Cursory inspection of the historical maps seemed to indicate 

that» at the tima of the formation of a.wesrs near Africa, a pre- 

-^ »ioimsod high covered fee subtropical eastern Atlantic, thus yield« 

ing strong easterlies t© its south in which tha newly formed wave 
as- &*' 
¥$ began to move, Shis was further investigated by listing all the 

j j^* 
| |* instances in the fifteen yeas? period when for three or more con* 

»OWUVAYO    tLÖJT«     VW    UJkQU   "OP*    UiW*»**   UVK1U    wuMjfdk» »w*7   iii    wHS    SBÄSSirB 

Atlantic, either by a started displaceaeai. to the west or by the 

intrusion of a polar depression into the Madeira Island are»« There 

2 S. g., &°1^ Sep 192DS 22-25 Se? 1937• 

Hi 

33 
4i 
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wore fourteen    such periods and in each the following twelve msg>o 

were iasEpeetsd en the thee?y that if a wave had feraed near Afri3as 

H it would appear in tiie Caribbean approximately five to twelve leys 

late?«   Only one wave appeared in these fourteen case« and thin one 
3 

gs> m0«4nxr through this ars&a ssä in the westers Atlantis isfeea the wave 
»as**- 

arrives in the Oarihhean» In other words» continued association of 

ff Since single high cells extending over the entire Atlantic are a 

H- rarity, the second alternative should he most common» 
ss* 
%£. "his «as iargsly oörne out cy the data.    In thirteen cases öf 

I «£. the 45 studied no «appreciably notion was observed, and in one the high 
U 

moved first to the northeant and then southwestt.-srd«     But in the case 

^Caae i.n «äich wave later occurred ves 29 Aug-3 Sep 1329»    Cases 
in which wa^ did net occur wer© k~& Aug 1925, 23-30 Sep 1926» 23 S«P- 
if Oct 192g, and 28 Sep-2 Oct 1950. 

^ 15-2^ -Jul 192b. 
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the «are *?ith the strong easterly flow of the high is necessary for M 
'•5 

the maintenance of the wave. Thus the high either must estcad acres« •jgf- fka   «*4iitj»ianA«   ä*   fhs   unm ITOtnn   th*   V><t irk   a1#.ha*  Mat   »*«P*«»«^    a^m«a --.4 

«er. 

& the entire Atlantic when the wave boginsits movement westward, or 

-•• — the M^s sö=* als© travel *-*stward at-tahia..? the s-c-vsisssi ss th*= =s?^e 

was probably of mld-Atlsctic origin,'    Sais appears to he fairly J 

conclusive evidence that waves do not move westward in the eastern 

Atlantic when there is no strong high in the area Just to the west 

P or northwest of the generating trough« 

fhis conclusion next led to the supp^ ,,itioa that if a pronounced 3 

high is essential in the eastern Atlantic when the ware ferse, it 

should also he present in the central Atlantic sshen the wave is 

• 



min m WIIIMPH um«""»' j - ma^ijM^MeawBajaagwsgBEsggaaggggssssssg"^^ «. . -  - 

l    W 
! r of the remaining 31 wavea9 the high noved with a component toward 
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the vest in 25 instance«, itwelve west, tea southwest or west« 
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southwest, and three northwest or vestnorthweat)»   Only four raved 

with a coBaponeat toward the east,    (on® ®&st, two southeast, and 

RATIAl \~* 91 ATI < 

She following factors ere favorable for maintenance and 

ssntinued westward aovement of «eve* is. the easterlies* 

S   i£ &} Strong end d«er> easterlies, and a high value of the zonal 

index« 

b) An oceanic high with pressure higher than normal« 

[•   §£" £) An elongated high that covers the entire ocean or westward 

I  'fe motion of the high cell situated to the north of a wave« 

• M. n 
^ Examples are 11-17 Aug 1926, 9-21 Jul 1930, 29 Jul-10 Aug 
| 1930. 16-23 Aug 1932» 29 Jal-3 Aug 1933» 19-« 5 Aug 1931*. *** 5-13 

Step 1936* 
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15-20 Aug 1935 and 11-18 Sep 1938« f 

5 
,j 

one northeast)« ^he remaining two highs dissipated while a new 
7 

hiiäi formed to their west and pushed southward«' f      I 
£   • 7 it! 
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CEÄPEEE ? 

T>T OBT. ÄmrUTiTXBJI 

Three methods are eommosly used in temperate latitudes Xer 

forecasting the movement of synoptic system«, namely, extrapolation, 

I'eiiergssn4» displacement formulas» and. use of the wind ccsxponsnt 

pespeadiwulsr to fronts. A study was made regarding the applicability 

¥§• of these three methods to the waves in the easterlies ef the 13UU 

season. 

- 1,    Extrapolation 

% Because of scarce data» & forecasts? saust often extrapolate 

It: wavo positions using an average rate of säat-löh,    3?his procedure 

?r should yield at least a fairly good first approximation. Thes«- 

14 fore, it is of interest to determine that average rate.    In the 

|r, case of the 19UH waves, the fixes were reliable enough to glre 

"§£' the overall movement to the nearest one or two m.p.h«   The fol- 

""IS- IvwiSo table shoe's the asarMSi moTj mim - and minigsusi rat 9 2 of 

speed of the sixteen waves in the following areas* a)    the entire 

Caribbean (Barbados to Havana), T>)    the e«sters Caribbean (Barbedos 

W to Ciudad Tru^illo), and c)    th« western Caribbean (Oiudad frujilio 

to Havana). 

!CABLS U 
Entire Saribbean     Eastern Half Western Half 

Average speed   15,7 sph (5/ days)      16.9 spa 1^»5 apk 
Maximum speed   19.5 aph (H days )      22.5 «ph 22     nph 
Minima speed   11.5 mph (6.5 days)      8     mph 7.5 aph 
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It was more difficult to obtain accurate fiicsa and rates of action 

ö»et of «he £arlbb£«su   Hsssvsr, from Qsorget-ovn,, B.9--,, to Srinidsad 

ac average of l6.9 mpt ?*as found, the saaie as in the «aster» Carib- 

bean, 

tTavss of the earlier par* of the season traveled fastest wit« 

an average of l?»p au,p.hs for July «nd 17.6 s„p.h. for August, 

while September waves had a speed of only 12.1 m.p*h„ and October 

waves 13*0 m«p*h,   fhis is in accordance with «feet has been stated 

in the previous chapter concerning the seasonal variation in the 

strength of the trades* 

Sven more imr>ortaat thaB ins average rate of motion ia the 

change of speed with tine, since the amount of change shows how 

reliable extrapolation forecasts can be.    She following large 

changes wer« noticed! 

-s 
t 
i 

1 
1 
a 

1 
41 

2ABWC 5 

ssleration 

10,5 to 13,5 m.p.h. These were the only examples noted 
when the  speed increased by sore   «nan 
XW7», 

Ä? 

Deceleration 

SO  to 13  m.p.h« 
l6   tO 11   üi«.p = h* 
19.5 to 13.5 s.p.h. 
12 to 8.5 m.p.h. 
22  to 17«5 m.p.h. 

The maximum decelerafcio noted was 
65$ of the original speeds, 
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gf, tropical high. 

la conclusion it may be stated thats 

a) ISstrspelatlon at constant «peed Kill yle3.d good forecast lag 

results» if the pressure gradient north of a wave remains constant« 

b) Deceleration uhould "be forecast if a wave moves toward an 
IN» 

area of lighter winds normal to its troaghline« 

•m 

4E 

"3 

1 P^en in these cases» the change is not large from the view- 

" point öf 2^=«hour forecasts» ssostly because the values themselves ü 
I 

are small«    Extrapolation frcs past positions using a constant £ 
# 

rate of arpeed thus should he fairly accurate. | 
'S 

! I: Deceleration «ill he discussed in relation to deepening, i 
fe * 
p' hut there is a siapl® relation between deceleration and the speed 

§-.. of the easterly current» evidenced in each of the five l^UU cases 
ST: :i 
I listed above.   Ifosa the easterlies slacken» the waves also slow % 
S* 1 
I"       gs^ down*    She slackening occurs mainly when a low center or strong i 
I        %l 'I 

extratropical trough moves to the north of the wave»    3!hus a 1 

*ave that moves into a region of decreasing easterlies will tend 

to dossiers.«©»    *he converse also holds„ sz£. a «ave that aove« i&tö 

a region of increasing easterlies* will tend to accelerate.   Shis 

is borne out even by the mean flow:    waves that- seve from the 

eastern into the western Caribbean loss speed» as shewn in Table 

5. and tfei* deceleration is due to the fact that in the western 

fe _,,. Caribbean the wind loses its westward component arid veers to«. 

A* * ~~"i''~iB~~-~ dirsct-lon -- it rounds the western ecUt* of the sub» 

§s 
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I c) Acceleration should *t>© forecast if s wave söven toward en 
j 
j \" area of higher winds normal to its trougbline3 

2. Wind Component Perpendicular to Wave« 

"he motion ef a wave relative to the earth csn he divided into 

a dynamic component and a transiaiory component« Tue  latv«*- top?©*, 

«ante the speed of the current in which the wave is travelling« In 

P order to see to what extent the total speed of the waves approximates 

|   IP" this translatory components the components of the wind perpendicular 

W to the wave at various levels were computed for fourteen 1$$& wave«. 
5: 

p . ,     She ävex'ag« magnitude of this component was obtained from all the 

^; 

AM 

- -4 
• 1 

i%&, 

i 'Ü 
M 

'"   ^ 

stations in the iamediate vicinity of the *•»*•©,    In sach case the 

measurements were made when the wave was located in the eastern 

or central Caribbean»   Sight wares sieved at a rate of eighteen mph 

or more, end the remaining six moved at no more than lk»5 mph.   fhe 

I j    p, average wave speed and wind speed across the wave for the eight f ast- 

p.        ir- moving and the six slow-moving waves follow» 
äs.", £'. 

h Average Mean Wind    Mean Wind  Mean Wind   Mean wind 
I Actual  at 5000 ft.   at 8000 ft. at 10000 ft. at 12000 ft, 

•   I* Wave 
Speed 

Fast- 
Moving 
Weves 19*1 aiph     21.6 mph 19.6 mph I9.k mph l6.6 mph 

Slow- 
Moving 
Wave» 11.3 mph     lU.O sph 11.7 mph 11.0 mph 10*6 mph 
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I? The «spaed of both slew sad fast soring waves agsproximated the                      H 
I 1 
| translator^ component ^9*7 closely at HpOO and 10000 feet«    It must                     5 
r" 1 
f "be rssembered, however, that these are only sean figures, and is                          i 

If,, soae individ«»! eases, the wind at all levels differed fro« the                            1 

•& - • 

wave sp<äed#    The?« were four- aotabi» examples ox this daring IS8^* 

«s-, I 

1 

I     1: 

Jfc 

,'4 •   »p 

' -1 1 -m 
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Ji m. 
t w < &* 

1 !    ti 
; 3-- 

level would have served almost equally veil« 

Since  it was felt  that a few specific -aüvss öf on&  sa&aQli 

might   not form B. large enough sa&ple to find truly representative 

*)g 

Ä5Ä 

At 
•is» 

fwiee th? development of a low center rendered winds along the 

Ü              Antilles chain unrepresentative, and twice a wave «oved consider- m 
a-- «I 
f'j     '        ably ia excess of the wind at all levels for reasons which are H 
ff     II - -^ 
&              not obvious« '% 

5,                  On tk-» whole, howevers the correlation between wave speed J| 

i               aad translator? ccgspeneat is certainly prosouneed enough to be of g 
\  §r-       • Jj 
j ft              practical use, fhe flow perpendicular to the wave csrrss as a f§ 

i ¥ good indication whether the wave will move faster or slower than s 

|i the average«   As a first approximation« one might conclude that 1i 

E' the wind at SOOO and 10J300 feet should be the most useful fore- 

casting tool«   The problem, however, was further tested in each 

of the fourteen cases«    It appeared that the wind at leas than 

m 50GO *«et *»» «noa* representative in four cases* at 5-S0C0 feet 

-WE m 

f& in two cases, at S-10GQ0 feet in two cases, above 1QD00 feet in t 
H* v 
i* t^fo cases, and above 12000 feat in two casej«    In two cases any J 
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oonditioasj resultant   east wind cossponerttc from Sa» Juan* P. E3 

«sd Cayennee f» &s.rawine were obtained for es^h month of the 

sasaer of 194h,   Also the resultant ff or each period prior to 

and following passage of a *svs at these two stations -äs» cal~ 

cuiaied from the two ascents isusedisiely before, and the two 

assents immediately after passage of the wave trough,   Besultant 

east wind components ^ere also cesputed from Stoae1«   compilation 

of upper winds at San Juan obtained from eighteen years of pilot 

balloon observations*    Since the average speed of all 19^4 waves 

was about 3.5»5 W&* A- ^ass ^exi determined at vhat level the mean 

east wind eoepenent wss nearest that speed«    She resets for San 

1 .Tnan 14.t.A<9   *1ä1CW. 
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Best 
June 
Level 

Best 
July 
Level 

Beet 
August" 
Level 

Best 
September 
Level 

Best 
October 
Level 

Koathly 
Eesultant 
Bawins 

leas than 
10000» 10000» 15000« 

less than 
10000« 

less then 
10000» 

Stone's 
Monthly 
lecjultant 
Winde 9000« 12000* 7-8000* 5-6OOO* hooo? 

Be .salt ant 
Hawing 
during Wave 
Passage 

«  .lust ever 
"5CO0* 

10000* 

I5OOO* 

less than 
5000» 

iaeoxclueiv 
probably 
5000« 

•a« She Cayenne figures cospate« were far less valuable, with little 
variation of the wind wifcfe height «11 the way up fto 3Q0O° feet. She* 
only definite conclusion to be drawn would be that t:h« steering current 
is not over 35,000 feet» hardly a surprising result-* 
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Tfrs öüly definite conclusion to "be drawn is that the level which | 

approximates the average wave speed closest lies gomswhere between 

MpOO and 15000 feet.    If the extremes of October and July-Asgust can 

be reconciled at all, the range narrows to «500-12000 feet.    Xt is | j 
1 

possiOAe tfe*t the most representative level is higher in July and * 

August, when the trades are strongest, and lowr in June» October .;, 

and late September.    The conclusions to he drawn arei 

a) The levels «hose average wind component normal to moving 1 
1 

waves agrees most nearly «ith the v&ve speed are $000 to 10^500 feet. * 

For practical use in individual situations, however, it is recess» -s 

mended to ae«e use of the mesa «in& factor between fjOOO and 12000 

feet BorssCl to the wave troughs« i 
'S 

b) She wind normal to a wave is a less reliable forecasting -"? 

tool when applied alone than is extrapolation; consequently it | 

should only be used «hen no accurate past positions are known« 

She method, however, does appear to have some value in conjunction 1 

with extrapolation, sad its use is recommended for qualitative " 

purposes* itst to determine at least whether a wave will move faster 

or slower than the average. 
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Where "If" 1« the unit of length chosen, 

"b" is the pressure tendency, 

"p" is the pressure. 

This formula is difficult to apply in the tropics because 

of the largo effect- of the diurnal pressure Variation on the 

three-hourly teädeneieg-,    The latter must "be corrected before £ 

computation is possible.    To test the formula, the movement of the 

19*A waves was calculated using   &) 2h»hour tendencies and   b)  three» 

hourly tendencies corrected for the diurnal change for the acnth in 

question»    The eastern Caribbean was the Area tested because farther 

east there are no reporting stations*" north of 7°^» 1st. and farther 

west wares are generally ^sste«    Saapie results of the application 

of the formula in twelve cases are shown belov* 

TABLE S 

Date 

10 Jul 
11 Jul 
12 Jul 
12 Jul 
13 Jul 
16* Jul 
2k Jul 
2« Jul 
1 ÄUg 

15 Aue 
IS Aug 

Location 
of Wave 

?.f.s Ore-is 
Mona Passage 
St. Lucia 
St« Zitts 
Puerto Rico 
Ciudad Trujills 
Antigua 
St. Lucia 
Puerto Bico 
Antigua 
Puerto fiieo 
Puerto Rico 

Computed Speed 
fron Corrected 
Three-hourly 
Tendencies 

in uph 

26.5 
11.5 
15 
22 

l?.fv 

52" 

Computed Speed Actual 
from 2U-hour Speed 
Tendencies in 

in spa aipfe 

10 .5 

15 
26.5 
2S.5 

12 
12 

7 
6 
9 

25*5 
27 
0 
3.5 

30 

19 
19 
19.5 
19.5 
16 
*-j 

23. 
18,5 
13 ' 

22 
19.^5 

_   *•*£•   •-, ,^7- .-" 'iir'-ffv,^ ,syV..iV '?$SSiTi F.'f*iffJ!?j"?:..T 
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The results of the eo&jputatlon« using the 2Vhour tendency 

are poe?s    Is. ao case was the computed speed within even «six nsph 

of the true speed*   One difficulty lies in the fact that aost jr«s« 

s do not appear as very pronounced troughs is the pressure field* 

Another obstacle is encountered in the selection of the interval 

sLa when using 2M~hour tendencies»    "Jt" aust be fairly large to 

eliminate the likelihood of analysis errors-   Surther«, if b (-&) 

is to represent the true tendency behind the trou^x and the slope 

*•- of the usndency profile, -^ must be lasstsd far enough behind the 

trough line so that the pressure is rising during the entire 2*4— 

hous period«    This asssxs that "L* s^st- be at least as large a dis- 

|f taace as the trough has moved la two days*   At sash & distaaee »hsed 

of or behind the trc-ughs the next wave trou^i »ay be approached . so 

that the denominator in the formula does not really represent the 

curvature of the pressure profile on the two sides of the trough» 

2he results using corrected thre©»heurly tendencies are souse« 

4L what better but nevertheless ales -?s;ry disappointing»    In five of 

t-hs twelve esses the difference between coiaputed speed and true 

speed was even greater than that obtained froa 2H~heur tendencies» 

and in only three cases did the cosaputed speed differ from the 

actual speed by four raph o? less* 

Wiiy do not the corrected three-hourly tendencies give better 

results than the 2U-hcur tendencies?    First, the diurnal pressure 

change has not been computed as yet with sufficient accuracy at 

1 'S 
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Kost Caribbean stations«    S"or exasple, it i« questionable whether 

the diurnal maxima and sal&ima fail at esftetly the seme hour evory 

day in the month.    Second and sore important, it is doubtful s&ether 

a sfetea of no steeper pressure profile v-han a wave in the easterlies 

will yield a significant pressure chsng* at any station in as short 

a «pace of time as three hours*   Sbr example, a 3*5 «& total fall 

ahead of a wave would he considered indicative of a strong ware. 

s meters are sot read accurately enough to measure 0*2 ah pressure 

f chaagea with g?e&t accuracy? thus a mistake pf CU1 sb in reading 

| would change the computed speed by 50f°» 

& ?he«« results do nfti necessarily aee» *b»t th« for»«!* has 

63 
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3 

1 
•- 

t Jf this fall is distributed over a two-day period» the mean fall f 
¥       i 1 
f      "**• every three hours of the period -would be only about 0o2 ab* Bar©-» 

3 

a 

s 
so application in the tropics* However, it does seem fairly cer- 

tain that, whatever the cause of the failure, it is definitely not | 

recommended at this time foruse in forecastlng_the movement of J 

waves in the easterlies* i 
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She prohiem of intensification "of «arsa in the easterlies i« 

important for the forecasting of ths formation and deepening of 

tropical atoras in th© western Atlantic, since iaany h«rriasn*s 

developing there are derived from such waves,   formation of a 

closed low on a wave is the most conclusive evidence of intensific- 

ation and for this reason the circumstances attending the develop- 

ment of clsaed circulations will he discussed» 

1.   Satratropical Troughs 

57he synoptic situations that are favorable for the formation 

of a wave when there was none "before, may also he favorable for in- 

tensification.    Since polar troughs have "been considered in this 

report as the main generating ag*ai, polar trough situations were 

I    I investigated for deepening.    To he an effective agent of inten» 

I    7       \^ «ification, a trough must he deep snough to extend into and in- 

1     'i fluenee the tr-?irt«»l rations hut not so deep as to destroy the deep 

1    f easterlies necessary for maintenance of the wave.    3?his statement 
s     * 
j        5* 
|    I is entirely in agreement with that given recently by Eiehl and 

{ Shafer (7). 

| ,. Evidence in this disenssion has veen derived from a st-udy 

f of   1) cases of formation of lows and    2)  cases of deepening of 

existing lows« 

•"^-.r—?r**!Z!&?'•-,~? «ws?5-!S5t* 
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%/ many hurricanes in those areas form on other types of systems, 

the evidence is convincing that at least a good psrcsntage develops 

on the i*aves»   All hurricanes and storms from 192*1-1938 ware studied 

whose paths «ere shown by Tannehill (10) as beginning in the western 

=    v Essa^ies are 7-9 Aug 1928, 10-13 Sep 1931, 25-23 Sep 1932, 7-12 
;j£ !  "I S^P 2.933» »*. 22-24 Sep 1935« 

K-* I   'fr itepresentative caseg are 20-25 Äug l92o„ 17-21 Jul 1933* 8&ä 
2S Sep»3 Oct 1937. 

'•I 
a) Formation of lows (lästern Caribbean). In many instances f 

*äh*!<n & lo« appeared on vavas in the Lesser Antilles it was impoe- i 

sible to tell from the Atlantic dais how much farther east the low j 

actually formed and under what synoptic conditions»   But there were 

fe seven excellent ezsaplee of waves on the 192h-3S historical maps 

that initially contained no closed circulation hut which later dc- 

3 

veloped a center as they passed under polar trough in the sasUi« 

Caribbean*  A similar development took place in early part öf ä 

«^        October of 19*& when a wave moved into a stationary extratropical * 

trough over the Lsscsr Antilles end decelerated, A closed low % 

formed on that *sve and moved northward« Mere will be said on the M 

H formation of lows in this area under the heading Deceleration in »f 

a Ic-er portion of this chapter« 

b) Formation of lows (Western Caribbean)» lEhere were essay 

essellent instances when a low formed in the western öaribbean or 

# Gulf of Mexico on a wave as it moved under a polar trough. ~ While 

-Si I 
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Caribbean, west of 7Ö°¥, er in the Gulf of Kexieo*    mere were 

^sÄMfwtno such storms.    Of these, 22 definitely formed on waves 

which entered the grea fro» the east, and fourteen other storas 

ale© mey have formed on waveg«>    In addition, a nwaber of dis- 

turbances shown by T&nnehill as developing farther east,  that un» 

Huesiionably «ere derived fro» wares in the easterlies, first 
h 

developed closed circulation in this area*     Shis evidence ia- 

dicate» that waves in the easterlies are not to he over looked 

in forecastliig the forsetio 

t.4     -* 4 •*•-*.- itlOI:^   Oit  wavwB   in   vhitt   mwc. fc&jr V VA MiOV AUU    U A      «A; 

occur in several types of situstinnss   A triple point ferssd by the 

intersection of the equatorial front with a wave may become active. 

Siailarly it is feasible that both a wave and a polar trough are 

complementary in reinforcing each other is the formation of triple 

•point storms«    This possibility was tested further by determining 

l)    whether a wave was ander the influence of a mid-latitude trough 

at the time «f gigasg, I«W formation and   2)    whether the low s^psared 

T 

Although most storms that develop in the western Caribbean occur 
early in the season (June)  and again late in the season (Oct. and Bov*}» 
those forging from vaves tended to occur in mid-season.    Thus of the 
seven June storms on the list, none   originated on waves and of the five 
November storms none were definitely marked as such althou^i three were 
of doubtful origin«    üüiis should he expected because of the known in- 
frs-iusncy of wave» in Jun© asd November. 
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to have forced on the equatorial front, She latter factor «as 

decided s&inl/ on the basis of area of formation, since the exact 

löcatiös of the front «as often difficult to determine- She result e 

from the 36 examples are given in Table 3. 

SAH3 9 

ExtratrgpleaS 
Sfrough 

Present 

ffistratro**! c-sl 
Trough 

Tiftvi'hf.^nT 

Formation on 
Equatorial 7ront 

Formation not on 
Äquatorial Front 

Iquatorial front 
formation doubtful 

0 

10 

Eliminating the doubtful figures, several major features staa* 

out. In all cases either a polar trough or the equatorial front played 

a part» Cooperation of one or the other s©pe»y« to he necessary for 

intensification» Action of the equatorial front alone rarely «ill 

cause the formation of a storm on a wave \2 cases)» She coincidence 

of both a polar trough and the equatorial front in the western Carl«— 

bean at the time a wave in the easterlies arrives there is favorable 

for formation (7 cases)» However, a wave end a polar trough can also 

get along veil without the aid of the equatorial front« since ?ight of 

the 17 canters not in the doubtful column developed under sraeh. cir- 

cumstances» 
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e) Beggtygdafi of Low»* k similar test was safe ©oas^raing the 

deepening of tropical »torn« that already had developed fro» waves 

in the easterlies«   Ihens^er the central pressure was available 

vith fair accuracy on several successive asp periods» it *as noted 

whether it deepened and whether & polar trough passed over it.   Cases 

in Which the low merely recurved northward into a, trough without 

deepening were excluded.    She results obtained were as fellows. 

1*213 10 

Wave* Deepening Waves not Seepening 

Pelar Trough 
Moved eve? »iKfe 

Ho Trough ia 

üThus the results «erify the hypothesis in nineteen out of 

twenty three eases*   Only four instances resaia in daubt. two where 
iv 5 

deepening occui^d and two where it did not occur.     Thus a wave or 

tropical storm that taoves under a trough will usually intensify. 

and if it does not Eove ander a trough it will seldom intensify. 

Saesö oiatisfeic» äpp?iy to pre-»esistiag closed lows, "but similar 

conclusions should also apply to the formation of lows from waves 

and the deepening of -«aveg sot containing closed low«« 

5 
Cases of lows deepening in troughs include 16~1S Sep 1928* 

V3 Sep 1932 and 27-31 «Tul 193b»    Ho deepening and no trough in 
evidence 5-8 Aog 1928, 8-12 Aag 1928, 23 Aog 1930* 13 Sep 1931, 
11 Aug 1932, 2? Jul 1933. 2 3ep 1933» 27 Sep 1933* 23 JuX \^\ 
11=1^ kzg 193S, sad 23~?6 Awg 1938» Essaples of exceptions to the 
rule are l6»20 Aug 1933 (trough "but no deepening) and 20-23 Aug 1927 
(deepening but no trough). 
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Beth in v.ropical aad exfcratropical regions, leva that de- 

celerate frsqiusatly strengthen, and faet=*woving gyateas rarely in« 

tsugify»    Indeed tropical disturbance» eseffl'.io cjnfons mare closely 

to this stiis fcriaa temperate latitude systems»   The theory "behind the 

rule has never received adequate explanation.    In particulars it Xm 

not clear whether the deceleration causes the intensification or rice 

versa«   Merely the coincidence of "both is known and the combination 

-•** occurs with sufficient reliability in the tropics to be elf -defteit« use* 

If deceleration occurs» one should forecast deepening and vice versa» 

The <me«tirm of CASI«« asiA eff«ot-    and si*«* rt-f the ehrsnölsaicsl 

gä sequence involved» is difficult to answer« 
5>* 

«" 

fhe converse rule, that fast-moving or accelerating waves should 

fill ör weaken, is äf IöBS certain validity,    2)unn (3)  suggests that 

the reason for such filling aay.be that a fast-moving wave outruns 

the rolling back of the dry inversion.    Howevers if the rise of the 

JL inversion is ssreiy the result of convection caused by the -save or 

storm itself, it ig difficult to gee \£iy the ri»£ cf the dry inver- 

sion should not alvsyg sauvs at the ss&e speed ai> the wave itself« 

however rapid that speed may be. 

Deceleration has been treated here as one independent cause 

**1" I "• W or effect of strengthening while polar trough« have bsen listed &s 

Jb action of troughs»    The latter reduce the  strength end depth of the 

'4S another»    But deceleration unquestionably is also related to the 
•öS 
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easterlies and substitute a prednaiiiÄisly serl&ional s-aths? than 

latitudinal flow»   Hence they tend to causa a deceleration of 

westward moving «yeterns,    for example, hurricanes decelerate just 

before recurving, and the recurving almost invariably is directed 

into a polar trough. 

The following examples taken from the 19*& waves "bring out 

the relationship "between decelerating and deepening discussed above. 

H tween Bermuda and Cape Uatteras as a rather intense tropical storm» 

In late July, a storm appeared on a wave near Barbados*    Stors 
warnings were seat out because it appeared fairly intense»   However, 

J§ the wave moved at the unusual speed of IS«5 »ph and accelerated from 
£ IS.5 to over 19.5 »!&•    5^s the low would be expected to fill, which 

j.    E  •    . it old*    When the wave w&e within 100 mileg of «Jamaica, a closed cir- 
culation ne longer coaiä be located. 

3\ In mid=Auguet two intense waves crossed the Caribbean less than 
f§ %J                    three days apart.    3!he first one moved very rapidly, with a speed of 
5» 22 mph as far as Oiuaad Srujilio and w^th as average speed of 19»5 

|    %- mph through the whole Caribbean»   A low reported in the lesser Antil- 
Wt les never developed but slowly dissipated despite the intensity of 
H the -JS.VS»    She second wave moved more slowly, averaging 17 mph as 
f£ f»r as Puerto Hieo   and then glowing to 13.5 ~P& beyond Pert— sa- 
jp Prince, yielding an average overall speed of 15 mph, less than 
W. average sad considerably less than the mid—«eftsoB average»   !?he 

~ jg closed low which appeared on this wave in the Antilles developed 
at first slowlye    After the storm decelerated, however, it inten« 

2$ sified and ait Grand Cayman with winds of hurricane intensity. 

70 

~ä 
In sid~July, three waves passed the Leaser Antilles in one 

!'     I       Jp*- '                   six day period.   Txm zis&i ssid third aoved at rates of 19 and 21 if 
fe      ^-                      mph, respectively, across the Caribbean, a high gpcsd even for July. *f 

I     I                                  Seither formed a tropical storm.   But the second had an average ovejf- ;| 
I     fe                                 all speed of caly 15 mph«    It moved as far as Borinquen yield, ?c H. J 
|     gr                                at 19»5 mph, approximately as fast as the other two, but then it H 
j     |                                 slowed down to only!2.5 ®pk.   A small tropical low on the wave in- "1 

tenaified between Higpaniola and the Bahamas and laoved norihward be« 

"5? 

12 

"5 

II 



I 
' 5»    location of jfaraiag Canter 

; One© istansification is •forecs.gfc; the problem remains to say 
( T 

| I in *shat portion of the wave the closed low ©enter will appear. Clims= 
If -   - I    * 

toicgically, the seas position of low centers that pass through the 

lesser Antilles advances northward during the early part of tie 

season and recedes southward again toward the end (c.f* 10)    These 

mesa paths, hoover, include stör»« that formed far to the east of 

the lesser Antilles and the positions of centers developing near 

the island chain do not necessarily follow this seasonal pattern 

There is a better indicator than TjixrB climatology to estimate 

the position where-the closed low will appear«,   Although sufficient 

exsanples were lacking to obtain reliable restate statistically, the 

lows sseaed to appear at the latitude of greatest cyclonic shö&r, 

i-es at- the poiat idaere the .üorth gsath pressure profile shows the 

greatest eurrattir«* (S'ig. g)„    South of this point the easterlies 

will be weak and to its north streng.    In addition» the cyclonic 

« I 

i s. 
I & 
\  !• 
e w 
l     X: 

f ^  4^        curvature of the isobars also is greater there than at any other 
??• 

m 

i 

{ 

I'*> 

k 

portion of the wave«    Thus^ if isobars can be drawn with reasonable 

accuracy, their spacing will furnish a clus xsg^ding the spot where 

the low center will appear. 

ha    Sonclusione 

aj* Deceleration of wave a ig accos^anisd* is. concurrence with 

Petterassn« s wies» by the intensification while acceleration is 

usually», bat not necessarily, accosipaniad by dissipation» 
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^) Synoptic features,  sash as polar treues, that tsud t-e 

decelerate vares, produce intensification provided they are not so 

deep as to destroy ths easterly circulation of ths tropics« 
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CHAPTER Til 

nrwour 

»isuanse, mainly the strong deep easterlies, cease to ead.it.   Ifhat 

I- then say cause the deep easterlies to disappear and prevent a wava 

1.   gaturg of Termination 

a) Transformations    Ose suggestion that appears isssedi&tsly is 

that the lowering of the bsse of the westerlies at the approach of 

paradox*   Äs sho«s in the preceding chapter» a meeting of a ware 

with an extratro^ie&L trough tends to cause as. intensification of 

•   S       1,- about the process of termination»    Intensification and termination, 

p however, are not inconsistent or opposite processes«   "For the type 

|   ü of termination considered now is merely one of loss of identity« 
f -6» '    - 
I £fe 

The wave becomes part ox the estratropieai trough, EUO. neither its 

area of b«i weather nor its cyclonic circulation nead to weaken, 

On the contrary,, such a Juncture usually tends to reinforce the 

had weather area» In the cases diacuseed in the last chapter, 

hoovers the has© of the westerlies remained sufficiently high to 

T3 

1      li 

i  SI 
•3» 

1 

HATI8N 3 
'S 

The problem of forecasting termination of a wave may he | 
 -~•-• * 

visualised as simply the converse of Mas»  of forecasting «sin- ?- 
-^ 
•s 

tenance» The wars dies out when the conditions needed for cea» § 

from being maintained in its westward course? % 
,s 

I  I 
a strong polar trough causes the termination.   This may seem a H 

.a 

ÖS 
rj 

the wave and now it is also suggested that such a meeting brings 4 

~3§ 
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permit the tropical wa»e fco retain its identity ami properties* 

tails is **» p?*««iSRt instances the 1>affie of the westerlies lowered 

sufficiently to alter the nature of th« wav©s    2hs lowering will be 

especially marked if a- pronounced frost follows the srough into the 

tropics«    Such a system say be Considered as an ineuper*bl* obstacle 

for a wave in the easterlies»   sumeroua ©samples were feusd Is which 

termination occurred in the manner Just described« 

In certain eases when the polar trough is unusually intense» 

another factor appears which may cause not merely the loss of iden- 

tity of the ware but a dissipation of the cyclonic circulation «ui 

the bad weather accompanying it especially if the wave contains a 

closed low center,   !Ehe circulation around the trough will c«i«e 

the recurrature of such a closed center out of the wave»   There is 

generally an sueea ef subsidence south of the lew» i-e» in the east- 

west ridge which separates the tropical lev fro» the equatorial low* 

Thus the wave trough become» disconnected from its low to ths north 

by thia zone of good weather and weakens» 

Ck>neralXy it is true that a polar trough deep and intense enough 

±e cease recurvature of the closed low center will also block the 

westward motion of the parent ware and envelop it. at least its 

northern portion«   At times, heaver, the southern extremity of th« 

wert- ffley continue to abve westward as an independent entity*    Several 

Conclusive cases were found where th« polar trough was sufficiently 

weak or aoved eaetvrard fast enough so that the southern part of the 
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wave did aot- die after its sier& teeusrvea«     xhis took plses mainly ] 
i 

when the storm recurred northward rather sh«rply ssd rsgddly at a» 

early stage* sost\y to the northeast or east of the Lesser Antilles* • 
i 

fhe southern part which continued on its westward course, was weak 
i 

2 ! 

under such circumstances, and there «ere only rare öSMSö« *köa It ' 
i 
i 

continued as a very pronounced wave or later relntensifled» 
4 

She question arises where one »ay expect to find deep trough» 

such as might transform a ware. In summer the Bermuda high is strong 

\    ' ' and consequently few troughs north of the eastern or central Carib- 

bean or central Atlantic penetrate into the tropics« In the Gulf of 

Mexico and western Caribbean, however, the mean flow is »ore southerly 

j ! than easterly, and seldom more than a weak arm of the oceanic high \ 

lies north of this area» thus temperate latitude troughs frequently       ; 

penetrate into this region even in summer and cause the stagnation cf 

waves in the easterlies« She data verified this contention very 

clearly» A record was kept as to where and how often each of the 

!«=_.*'       26 most marked waves takes *i?om the historical ssps moved under a 

polar troughs (fable li). She wavss encountered yo  troughs; eight 
3 k 

meetings took place in central Cuba, six in western Cuba , and four 

in the Yucatan Channel.-* Thus eighteen meetings occurred between 
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^or example, 1-9 Aug 1326, 22 Ssp*3 Oct 1937. 
g22 8ep»3 Oct 1937« Sep 21-2 U, 192H. 

3*or example, 12-1? Aug 192U, 7-12 Aug 1930, 3-12 Jul 1931. 25 
Sep-2 Oct 1932. 2^-31 Aug 1937. and 2h Sep-3 Oct 1937» 

*W example, 18-25 Aug 1926, 19-25 Aug 1923» 2»9 S©p I95i. end 
13-21 äü 1933a 

5i"or example, 13-18 Sep 1925. 5-9 Asg 1926, and 22-27 && 1936. 
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Is/ Siasipatioax Aa active polar trough is oy no means the only 

cause for termination of waves in the easterlies« In many ins- 

f. 
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'6=12 Sep 19J1 and 26-30 Äug 1332. 
712-l6 Aug 1930 and 10-15 £«P 193*+. 
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in the Windward Passage.!    mis result offers good evidence that *        \ 

northern troughs frequently ar® the cause of termination.   As an 

indication of the frequency of trough, occurrences it may "be noted 

that of the 26 waves, all hut two of then sored into at least one 

trough, and in six cases waves encountered two troughs« 

'v~ tancea the waves lose their identity in the oroad art ^ of southerly '-? 

winds, divdr^ont isohars. and fist east»vost pressure gradient |§ 
•a 

c       west of the Atlantic high, (figure 9). In these situations full * 

dissipation takes place, not merely a transformation into a different | 

type of synoptic system, The cyclonic circulation gradually dampens "i 

and the attendant had weather «rea disappears or drifts into the l'i 

westerly Belt ss suggested V fiiehl (8). ^ 

Hie dissipation most frequently occurs east of the Mississippi ^ 

1./        «ssis. Only if an ars of the Bermuda high extends far westward ever 

the &ulf coast, or a separate high cell exists in that area, will 

a wave travel vsstvard all the way across the Gulf of Meadco. (Pigurs 

I How far west do most waves go "before terminating? To obtain 

| a Quantitative estimate, the sixteen waves of 19^» to which six 
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l    i 



7£&g3S£i 

WV.*«? •>#***  \ ?s sddsd for this study» -sere followed as fsr «est a» they 

*;•=»?© trsaeslsls«.   Shis «as also done for all. the is&ve» froa the his- 

torical s^?2 ^jfeish had not assvelcpad closed circulation before reaching 

lon^,t«ae 75*^«    Sbere were 26 such waves»    The figures below Indicate 

hot* far neat these war«*: vfye last seen* 

i 

SASES 11 

historical Series 19*& Waves 

Mona Passage 0 1 
Ciudad flru#llo 0 € 
£ört«a©~Prittce 0 2 
Windward Passage 1 
Eastern Cuba 1 1 
Central Cuba 1 0 
Western Cuba 3 k 
Tucatan Channel 3 0 
Yucatan Peninsula 3 0 
He "bile, Ala» 1 3 
lev Orleans, La. h 1 

*>ft5ffl «rtrl 11A.   fnKfta 
2 A 

V 

7 

A seasonal breakdown of the above figures shoved, as expected, that 

ws*e* 1M mid-s5a«wH, g> farthest west«    In contrast, none of the four 

October and two June waves of 19*& went beyoM the Windward Passage« 

She prcssding discussion is not explicable to th$ very southern 

extremities of the waves*   Of the sixteen principal waves of t-h« sss~ 

son, twelve could be followed past Curscac.    xhere was seldom weather 

^aves going west all the way to the ffiexas coast on the following 
dates*    9-lS Sep 1325, 2-12 Jul 1931,!3~3ö A*s 1936, 1>22 Äug lSUh# 
17-2? Sep 13^4*   Sxassplos of waves termifi&tiag very f&r aast include 
the following, all of which were last found nssr Giudsd Trujillo:  22» 
26 Jun 19Uht 15»17 ?& 19*&» 31 *ul-2 Aug 19%, 26^29 Aug 19*&. 13-1*5 
Oct I9hhs «ad 16-20 Oct l<jUh. 
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s&th wave pas sage, out the \«iadsh£f % and tendency chance cwild j*e?- 

ck««'?"»•=» J»ä jv-vmä     Farther west- howsver- the situstios *JSS SQTS öoubt"» 

| ful.   A careful examination of the surface sad Tipper-air data from 

Barranquiliat Coloaftia, showed that only three of the slsteea «srcs 

oofiaiieiy passed this station, and even those three appeared to he 

very veak.   Measuring intensity hy 72-hour precipitation (36 hours 

hefore and aft«? passage)» one of the» caused no rain whatever#y 

it 

TS. 

•7 

ons gave only a trass10 sad the third gave only 02L inches of Train» 
i - 

In view of this result from the Barreaquilla data, it is safe to as- 

I suss that still farther to the southwest- wares are at les.it as un- 

r. comsoa» As ejected, there was no conclusive evidence of any of the 

§ 
I wsrsg in the Psnssta Canal Zone? 

i tfhat is the eaplanaticn for the weakness and scarcity of waves 
m 

I in Colombia and Panama? Just to the east of Barranquilla lie high« 
P 
I lands and mountains and one susmit attains an altitude of approximately 
I 
I 19,000 feet.   £eet of Barran«uilla the coast ig oriented nearly aorth- 

*•       4~ ftast-southwest,    5?hese topographic features seem to cause a clocking 

I of the easterly flow and produce what appears to ue a cyclonic eddy 

r west of the mountains*   Thus the following factors aa^ 0© the as» 

i 
p » plaaatioa of why so few waves reach Barranquilla and Penan»** 

910-11 Jul 19^«, 

j| *"u15-l6 Aug 19^«   2his was one of the strongest waves öf the 
f satire season in the Antilles region« 

^IS-Zv 3ep 19^ 
' - v, üt 

•««^äass^ 
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Ehe vave may dissipate in the highlands to the east* 

She eddy fiagr break I^J the easterlies nsaded te sia-iatai« the w&vw. 

She orientation of the cö&stll&e is usfeyos-afcie for maintenance. 

2«,    *»— ritsrla for gisrgcaating ggrgdftatign 

a/    wua*   Jwvwjtt    uiuw    «so    »o*miJ'«i»Jinu   gi'   uxittfipab&ou   IB   J.B,   ?ae 

ssnse the converse of maintsasaee, the first criterion tfhieh saa- 

gested itself as a. foreessv ins «id vas the zonal inäe*.    for the 

present problem, the index ^a» computed for the area hounded Tögr the 

6^th and 95th meridians west and, as before» "by the 15th and 30th 

parallels* (figure 11),   Keen values of the index «ere calculated for 

August and September 1931, July 1933, and July, August, September and 

October 19^, seven msnthg in all»   In addition, the average index for 

the fchfcee-day period when each wave «as nearest the central Oariobeaa 

(7v0¥-75°*5 was calculated,    fhe results appear belewt 
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EASLS 12 

Jul 1933 

Ävssrag* for Month 

$hree-&«y Average for each 
Wave Dissipating ?ar West    6«i1 Ave., 
(Hew Orleans or Beyond)        5,3.3   5»7 

Shrse-day Average for each 
Wave Dissipating Early 111 
vSag« 0* ~lnü»aru. ras sage J 

f5 

Jttl 19UU Overall 
*5Wly Aver»® 

3.7 4.H5 

fc.2 «5.2 

1.5) Ave, 
0.75    1-1 

Ul 

-"""^SsiJKTO-gg^- 
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Average for Mezjth 

(Sew Orleans or Beyond 

-•"•-»—   —~v   —• —o-   —•—     * 
Wave Dissipating Early 
(East of Windward Passage) 

Aas 19J». 

6„6 

Shres»day Averagefor each 
Ware Dissipating Far West       8.8 

U«R 

Avg 19^ Overall 
August Average 

h.7 5.65 

6«21 Ave« 
7.7 '  6-95 

7 £ r * v» 

3*0 \ 
H.l1 Ave. 
U.9)   k.Q 

U8X 

r 
Average for Month 

Thrse-day Average for «aeh 
Wave Dissipating far West 
(H«w Orleans or Beyond) 

Three-day Average for each 
Were Dissipating Early 
(East of Windward Passage) 

Average for Month 

Sep 1931 

«•s6 V Ave„ 
g.h;  6*7 

Oet 19U4 

6*4 

Sep lohh Overall 
September Average 

Ko 

3*3} 
5»7(Ave, 
5.3) *.9 

5«05 

;i 
EM 

..« 

5Chree-day Average for each     1.1] 
Wave Dissipating Early h,9 > Avs, 
iEftct Air windward raagass)      ^.2/    ^a7 

Of the twelve wsvss that moved far west, ten occurred when th® 

index was higher than i;he monthly ossa»    In svesy south ths svsrags 

for sll such waves was higher thsa the aonthly mem*    Similarlys the 

indes was looser thaa the monthly mean in sight cases out of ni»es 

when termination took: place very early«   Again, in evary äöikth the 

• . J;    'i Si' 80 
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average for all early terminals ing wave?, was l<*wer than the eontejLy • 

§,; 
I I 

snie is indeed good correlation*   Hev8:r£höl@9sg the index sp» |J 
|: 

| prosch» though usöfTsi, is not quite as helpful for forecasting ter» _ i 

a tool® the forecaster assumes that conditions in the future will ! 

renal» such as they are «ten calculation is stades    If tresd« art ' 

long s*d slot?, this »«sumption is „tasi-ifieds   for '"«xasrpl», » stroi&g 

aid-Atlantic high requires considerable time to be "broken down by ] 

eastward-moving troughs»    3hus the indes is the «astern Caribbean 

and Atlantic    as a rule changes slowly«    0•*r the western Caribbean j 

and Gulf of Mexico, however, large highs seldom persist and thus the i 

index say change rapidly from one day to the next» f 
Si 

- i 
|    | b) Westward extension of the geraodg Hi^hi Asa» from the zonal \ 

index, there ere other ways to measure the strength of the easterlies, \ 

that are useful for forecasting wave dissipation»    One such measure, 

the westward extension of the Berauda high» was applied to the his- 

torical mags*    If an arm of the high extends far %est, deep easterlies 

should prevail over the Gulf»   '.The extension of the high was measured 
4 

by noting the point where the 1016 a"U isobar of the high crosses the        \ 

united States Gulf c©asta The farther west this cecitr«. the stronger 

should be the easterlies« 

On the average the 1016 isobar crosses the coast near Lake Charles, 

81 
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| f is.    In ten oat of the fifteen, eases whim a y&vs travelled as far 
i 

* west as ^ensacola. 31a*,  the i0l6 isobar crossed the coast at G-sIvestca, 

I | Eexas,, or "beyond, at the time the wave was cvsr central Cuba»    la only 

I • i S i  v t«o out of twelve e«BöB *hsa a wave dissipated east of Fessasola, did ? § 
I ; " *    I' 
{ | the I0l6 isobar cross ths coast as far •west as waiveston» xhu» there \ I. 

t- I    • I 
I is a definite correlation between the w>int- of termination of a wave I 

i j I and the extension of the Bermuda high, frequent complication of the \ 
!  I 1 
I ? pattern due to the presence of migratory highs north of the Gulf coast ] 
! ±       - - * 
I i £ » 
I I  \~"        aceouuts for the fact that the correlation was not entirely satis- I 
5 C * 

factory, such highs at tiles produced strong easterlies along the 
•i 

öuif soast, ©»»a though the Bermuda high was loceted entirely over i 

—- -i • t-h* ocean« s 
i 

S) l^gfi SJi SSELE*  ** might he eapeetsd that fast-ac-ving ^ssres .; 

would go f iff west since«    l) their speed should Indicate the presence ] 

of strong -easterlies» and 2} deceleration, stagnation, and transfer- | 

aatlon «are necessarily slow processes«   From another standpoint the ] 

f ; reverse might he ejected sine« it is observed that decelerating and jj | 

terieai •»«*>•; but no correlation, either negative or positive, could 

he found between the time and place of termination and the speed of 

the waves*    !Jhe average speed of those waves that went all the way 

to fex&s and those that stagnated or disappeared in eastern Cuba or 

Slspäniola proved to be very nearly identical. 

«9 

IS 
!"S slow-moving waves frösjuentiy intensify, fsst-nsoving ör asööleratjng 
i 

waves might dissipate.   Ä test was »a&e using the waves on the his* |- 
i 

s-Ä.-'KKjflRmwra» i-,.^^ sEfflr^.-«» xTunxxKaxMBani 
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ji) Other criteria! Another criterion of dissipation that suggests *        I 

itself is a comparison of 24-hour pressure teadencies ahead of and 1 

"behind the WATT«.    Hotrever, two difficulties are immediately apparent, i        | 
! 

apart frees what has already "bees said in. th* ehs>ter on Digplaceasnt 3 

]       ?                              concerning the use of pressure tendencies,, jj 

1) Ths S^—hour fcendeticie« sr? « tool of ausl'"'«!» reth^r than - f 

of forecasting» They show how the system has moved rather than how j I 

it »All moves    faree-houriy teadencies, if accurate and freed from 

L~ diurnal considerations, should be most indicative of conditions at 

the end of the period involved, [ 

2) Sendendes and tendency contrasts ahead of and behind the 

system are functions of two factors, the intensity of the system I 

and its rate of movement*    It is impossible to isolate these two i 

factors by the ass of pressure tendencies alones    Comparison of the                         ". 

tendencies ahead end behind a wave at several successive periods eheaid 

yield better results« 

\. Still another clue valuable in dissipation forecasting is the 

|      i intensity of the extratropieal lows and fronts that pass to the norths 

*?hat was said under Origin and Intensification concerning the troughs 

associated with such lows should be applicable also in dissipation 

forecasting»    Thus, a deep.  alow»m©ving polar low located south of its 

normal summer track tends to break down the tropical easterlies and en- 

velops the tropical waves.    On *he other hand, s weak rapidly-moving 

frontal low located far northB with a fairly sh?xLlcw asscciatsd trough 

S3 
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and little äöridioaal wind component if. not liJcsly to transform 

a wave to its south or break down the subtropical higft* 

Correct judgment of ths ^ype of trough. inTc-lved is a synoptic 

setter» end not a proble® that lends itself «ell to statistical 

treatment-«   * qualitative essaln&tioa of ths iasiäne®«» however, 

•äS« waves wen«; far vest across the Gulf bears out the hypothasis« 

At le&st one pol«r trough passed to the north of scat of these waves 

in th» wulf er western Caribbean, and penetrated into ths tropics ©* 

least to a limited extent»   But the troughs were rather weak, and 

thsir parent lows far to the north» shallow, snd fast—sowing»   fhus 

ib«»y did not absorb fche waveg& 

3«   Sffect of ^sves in the gasterlies on fgirograte Latitude 

Weather 

In following waves across the Solf of Mexico» it was observed 

that the cyclonic curvature of the isobar« and the windehift fro« 

„northeast or sagt to southeast, soaetiaes extended into central 

Georgia, Mississippi, Alabama, and Louisiana»   Siehl (8) has noted 

such occurrences even farther north»    IrreepectAve of how pronounced 

is %&» influence of waves on the weather in their northerly portions, 

they nevertheless do exist and have a marked effect en the winds«    It 

ie doubted whether most tsapsrate latitude forecasters fully appreciate 

this fact.    In at least one case the »ä&lygt of the Horther^Hemisphere 

maps drew th« winusbift daa to a wave in the easterlies as a north« 

**^^C3«*^?t^S^*?«* SC?=^^J5^^^^K^^•5^ 
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south oriented cold front, south of a westward moving polar front 

ware; then eft°r observing its retrogression westward for two saps, 

12 
hs dropped it altogether, 

ibreeasters hare csten mezitioned the possibility that waves, 

uu   «UIK»JLU(    vusi   »luwwii;    Vü vajn»»iyu   uOI ucuxj   ji.ressas   ill   vn«   inj,.s,J 

in summer, swing arouad the west side of the higa. steered by the 

vindflow and »«pear on the United state» ßulf coast oriented east- 

vast with a wiadshifv frca southeast to southwest with passage, 

A search was made in the historical asps for evidence of such waves« 

hut net one could he found t The esgjiaaation for this failure is 

given by Eiehl (3) isho showed that the waves may enter with pro- 

nounced wind shifts in the middle troposphere , hat, due to low 

level compensation, the surface isoharlc field will show hardly 

any reaction, From the historical maps, these upper windshlfts, 

therefore, could not be inferred» 

The influence of waves on the temperate latitudes is not si- 

ways restricted to the mere northward extension of the waves them- 

..1 -W. — /* —__J_. ~Z — ~     a—4 J — — —•-» •*" J      •3'*-   .-*•      -*-*-.   ' — -.- .       - *• - gö«»»wEe        «vttViiiviüB   »iii/Siiini    iccua    JIVUUU     Vila»      iil*7    yiouoiiuo    Ui     W«3.»C» 

wäjr have a profound influence on the behavior of frontal system* 

over the continent» fhree cold fronts were noted which had moved 

into the Gulf or the Bahamas and then stagnated with ar„ orientation 

more or less east-west«, As soon as a wave passed to the south' 13 

13. 

"29 Aug-3 Sep 1932. 

'-10 Aug 1&268  1>1,6 Aug 1930. 6-12 Sep 19hh. 
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? they returned northward as warm front« driven by tks southeast 

f rinde to the rear of the war©«» On t«o other occasions polar frost 

f yec/tt* formed on stationary fronts In the Gulf or in southeastern 

United States directly ic the north of the z$%x of a «»•« in the 

gogtS?ii.>5s» 

S5* 

is«. 

i   fc 

..«la 

US'     ••'•    -^ T        *»»* 

|    g; In these instances She northerly sospcnent to the west of the 

|    f? tropical waTS sad the southerly ccssponent to its east sgngrently 
! 6 
| ff extended far enough northward to set up a similar circulation across 

the front» hence generating the eztratropical wave« Shus forecasters 

5 1. on the Gulf shov&d *atch the vindfield over the Gulf of Mexico, pre- 
Z Sott 

I    & psratory te predicting the weather over the southern United State» 

i    gg itself,    Shis can he done "oy following waves in the easterlies west- 
ü 
H' y*ff<i from the Atlantic and the Caribbean, since such waves are among 

% the systems that produce marked and rapid changes of the wind direction 
•ÄteT   

If ever *he Gulf in summer. 

s 
fe. 4.    Conclusions 
I:   Jfc —~— 
ft      "^ Factors favorable for early transformation or dissipation of 

waves are the following 

ft) Lew value of zonal i=dcs (65°* to 95°*) • 

llf h) Predosinsteiy southerly rather than easterly flnv in öalf of 

?^tü ...K«äco. 
^*—• 

>». kil 15-17 Aug 1930, 2U-30 Aug 193-. 
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s: 

e) Deep pronounced tron^a or f?eats in the low latitudes 1ft 

tiis osatr«X «nd wstern Qari'o'b^en» 

xastofs favorable for söveseni of WSTSS far us at 'before di*- 

JE" 

f£ 

p. 

1*-. 

5- 

g* 

Ä»- 

sipationj 

a) Hl^S. sssnsl index of easterlies, and Äa of temperate iat- 

titude vssterlies, 

t»)    Ars» of Bermuda high extending far west over northern Gulf oi 

Mexico, with high located north and west of its position aid pre- 

dominately easterly rath*r than southerly flow in Gulf and western 

Caribbean» 

c) Only weak» rapidly moving troughs passing to the north 

with pels? lows displaced fie? to aorfch« 

m 4 
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SOMMABT Of CONCLÜSIOHS 

2, The average slope of the wave Ig approximately 1:35« 
S5r 
IS ~.     StpoiLEr wave« are  «till well marked at liO.000  feet.     ÜJheye  is. 

I W howevjyr. an intermediate region between 20.000 and 35»OO0 feet 
I il£ vhere^ar*" noticeably weaker« 

U.   The most pronounced viadshifts with passage occur at gpCO tc 
It     /\fV\      •£>*-.<.      „J       i.U„-      ___4«      .-«»..—J      ll/\     /Wl      Alat 
A^IUUV     mo W    DUU     WisU    O&CVfcXX    (WUUUU    TVjVW     !«««{ 

5« &>st wave« are preceded by 24-hour pressure falls of 1-2 mb 
at the surface and aloft» with subsequent rise« of the nsmxs 
order of maasitude upon pÄaaass.. 

l SEäS u»      uuKirvj.jr   ewi WJ    »»HBOK«,   t-f-ujui    s=Hiy«* abuTo   iigsg 

Ohgpter X - Origin s 

i.    The deep easterlies is themselves are not sufficient to form | 
waves»   Outside influence» are essential for their generation« | 

1 
a_   Waves in the »«sterile* can originate in the east Atlantic in | 

iMaeed isolar troughs extending equatcrward from the leelssdie 

I 
3»   Waves in the easterlies can originate in mid=Atlsatie in £ | 

trough that has stagnated because of the blocking effect of a I 
strong sub-tropics! high to the easts 1 

1;       m> %,   Wsvss in the easterlies do not form from polar troughs --Viile | 
W'- the latter maintain their identity as separate and distinct § 
§r «stationary or eastward moving troughs in the tropics« I 

§>»   A position of the equatorial front north of its normal position 
in the east Atlantic often accompanies a wave in the easterlies i 
in that region.    Although na conclusive evidence ig offend tbs» •- 
this is a means of origin, the situation offers a good means of | 
early identification. j 

Chapter IE •* Structure | 
•'3 

• The horizontal orientation is very nearly perpendicular to the 
mean wind flow between 1000 to 15,000 feet« The usual trough- 
line orientation being NBE-SSW, 1 

i 

the surface to approximately SpOO feet with 2^-hour cooling 
above.    Greater g^hour ccolisg that extends to lower levels 
follows 1£-2*T hours after passage. 

gg 
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7,   liefere WKV* passage» the height of the top of the asolet layer 
is approximately normal (12.000 feet),   After passage» it rises 
ta ovt? Ig.öOö fesü süd sttains the greatest height 1^-2^ hours 
after passage. 

Ohapve? III - »leather Distribution 

I i*   ?ast-~moving waves (ylS m»p,h.) are «f weak intensity and have 
I g sa sgäprexiaately syE*aetr-ic«l distribution of weather about the 
I f 'mcrs troughs 

£"_ S*    Slew moving graves (<1J m,p«h.) are preceded "by a pronounced 
*"*• §one of good! westher and have maximum intensity of weather 

12 hours after pa« sage a 

fo.    Decelerating ^ves (which develop into tropical storms) are 
If the most intense of all t jpes considered and gradually ap- 

proach a nearly symmetrical distribution of weather about 
the wave trough* 

j§ index« 

2*- Moderately moving waves (13 to IS m«p,h.) are in general mere 1 
intense than fast waves.    The had weather increases after wave | 
passage« 1 

1 
• Chapter IV = Mei^'.enance 

The following factors are favorable for maintenance and con- 
tinued westward movement at W*VA« in the easterlies» I s 

:? 
1.    Strong and deep easterlies» end a high value of the zonal j 

1 

3 

2» An oceanic high with pressure higher than normale ] 

§£ 3* Absence of temperate latitude system«, whose influence extends      \ 
i |§ into the tropics« j 
I i- i 
j ft Us An elongated high that covers the entire ocean or westward ] 
| ü action of the high cell situated to the north of a wave« \ 

*"" Ohapter f «* Ui «placement 

1. Extrapolation at constant speed will yield good forecasting 
results it  the pressure gradient north of the wave remains 
about constant« 

a) Deceleration should he forecast if the wave moves toward 
an area of lighter winds Cnormal to its troughliae)» 

«9 
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| •§. between 5.000 and 12,000 feet ia recommended. 
I 5: 

H 3* Co«pu*ing di.«^,s@s««2it %" u@a ©f a fonaula giailar to f 
Petterssen*» proved unreliable» 1 

Chapter YI - Intensification J 
i 

|| 1.   Deceleration of wsrss is HCCöEpanisd by iatsasiflcatio« T 
jg" *&il« acceleration is usually,   sot? not necwesarily, ac- 1 
|r       5>- compaaisd ~sy dissipation. I 
&& """""" : c 

||. 2«    3ynoptic features, such as poiatf troughsr that tend to | 
It decelerate wares produce intensification provided they I 
E are not so deep as to destroy the easterly circulation -, 
1: of the tropics. ! 

H 3»   Closed lov centers can he ejected to form on waves in the 1 
If areas of greatest cyclonic shear. | 

a 

Chapter 7X1 - Termination I 

- I 
1*   Factors favorable for early transformation or dissipation J 

of wares are the following* I 

5 ft a)    Low Talus of the sonal index (65°V to 95°*) 

115 %," **    Predominately southerly rather than easterly flow in 
IH Gulf of Mexico, 
! fie 
I pi c}     Deep pronounced troughs ör   fjfOuts ill  the  low latitttdSö 
IS in the central and western Carihhean9 

2,   Factors favorable for movement of waves far west before 
dissipation. 

a) High son«l index — both of easterlies and temperate 
latitude westerlies* 

b) Arm of Bermuda high extending far west over northern 
Gulf of Mexico, with higSa loeatsd north and vie at of 

90 
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i r i II 
j |" t) Acceleration should be forecast if the wave moves toward > |] 
J r an aw»» of stronger winds (norasl to its traughline) * §; 

> ' II 
I ; 2e   She wind velocity normal to a wave is a less reliable fore- \ i 
j i easting tool when agplisd alone than is extrapolations    If ] jj 

5.00G end 12,000 feet is recommended. j I 
1 ! 

ntsTOw«»w=r;iw»«-Fsaa»nx*»•— «nosg^5t*sw ,*#S2S3)g3S=«««5Basss 
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its nojrmal pasiiion aad predominately e&etörly r»s»ör 
t&aa southerly flew in Galf sad 

c)    Öffiiy «eak:, re^idly-siseving trough« passing to north» 
with «©!>*? "J-Owg displaced fsr te norths 

?<        5« 
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